THE    EISENHOWI  H    I  IlillMy 


i 

1 

X 


\ 


./ 


/ 


/ 


A  COMPARISON  OF  CERTAIN  MENTAL  AND  PFYSYCAL 
MEASUREMENTS  OF  SCHOOL  CHILDREN  AND  COLLEGE  STUDENTS 


DISSERTATION 
SUBMITTED  TO  THE  BOARD  OF  UNIVERSITY  STUDIES 

OF 
THE  JOHNS  HOPKIfIS  UNIVERSITY 
IN  CONPORl/ITY  WITH  THE  REQUIREMENTS  FOR  THE  DEGREE 

OF 
DOCTOR  OF  PHILOSOPHY 


BY 
ELIZABETH  M.  STALNAKER 
JUNE  1933 


I  *' 


o'i'' 


It  is  with  much  pleasure  that  the  writer  takes 
this  opportunity  to  express  her  gratitude  to 
Dr.  Buford  J.Johnson  for  her  advice  and  the  many 
helpful  suggestions  given  by  her  in  the  course  of  the 
preparation  cf  this  study;  also  to  Dr.  Knight  Dunlap  for 
his  kindly  criticism. 

In  addition  the  writer  wishes  to  thank 
Mr.  J.O.  Graham  and  Miss  Virginia  Foulk  of  the  Senior 
High  School  ,Mi88  Mamie  Spangler  of  the  JunioB  High 
School  of  Huntington  West  Virginia,  and  Miss  Castle 
of  the  Roland  Park  Country  School,  Baltimore  Md,  ,who  by 
their  kindness  and  accomodation,  made  possible  the 
giving  of  the  tests. 


A  COMPARISON  OF  CERTAIN  MENTAL  AND  PHYSICAL  MEASUREMENTS  OF 
SCHOOL  CHILDREN  and  COLLEGE  STUDENTS 

CONTENTS 

I.  Historical  Section 

A.  Correlation  of  Mental  and  Physical  DevelopBcnt 

B,  Mental  Measurementa 

C.  Standards  of  Physical  Growth 

D,  Physical  Status  as  an  Index  of  Nutrition 

II.  The  Tests  axi.i   their  Administration 

III.  Results 

A.  Total  Group 

B.  College  Group 

C.  Age  Groups. 

IV.  SuKmary 


HiBtorioul  Section 

The  relation  that  exists  between  the  physical  and  the 
menttil  status  of  an  inlividual  h&e  interested  many  investi- 
gators in  the  past.   To  many  people  it  no  longer  appears  as 
a  problem  to  be  solved,  or  at  the  most  it  appears  to  be  mere- 
ly one  which  they  are  inclined  to  believe  their  common  sense 
and  genera,  observation  will  enable  them  to  answer  satisfac- 
torily off  hand.   Nevertheless,  it  remains  a  subject  as  yet 
unsettled  from  the  standpoint  of  scientific  investigation. 

One  source  of  confusion  is  the  great  variety  of  methods 
and  means  that  have  been  employed  in  attackinji  the  problem. 
Several  physical  criteria  have  bean  used,  ranging  from  crude 
measurements  of  height  and  weight  to  the  use  of  the  height- 
weight  or  wdght-height  index.   To  determine  the  mental  status 
the  investigators  have  relied  on  almost  every  kind  of  esti- 
mate, from  that  of  school  grade  to  the  use  of  mental  test 
scores  and  I,  Q.  e. 

Another  cause  that  has  lead  to  diffiaulty  in  evaluat- 
ing the  results  of  previous  studies  is  the  variety  of  com- 
binations used.   For  example,  one  person  may  procure  the 
relation  between  weight  and  height,  taken  separately,  and 
school  grades,  or  grade  location;  another,  between  the  same 
physical  measurements  as  those  rentioned  above  and  a  ment.^1 
age,  or  even  an  I.Q, ;  but  in  the  u.ore  recent  studies  the 
height-v.'eight  index  and  the  score  of  some  standardized 
mental  scale  or  tn  I,Q.  derived  therefrom  are  employed. 
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The  present  day  psychologicci.!  conception  of  the  inte- 
gration of  the  nervous  systec.  c<nd.  the  coordination  of  the 
entire  organ  ism  would  not  permit  ue  to  regard  the  develop- 
ment of  the  body  dnd  mind  as  independent  of  each  other; 
nevertheless,  the  views  concerning  the  importaoce  of  zhe 
relation  of  one  to  the  other  have  not  always  been  the  same. 
From  the  days  of  the  Greeks  to  the  present  time  there  has 
been  a  swinging  back  and  forth  of  the  pendulum  in  regard  to 
the  extent  of  such  relationships. 

Studies  concerned  with  the  physical  and  mental  status 
or  developn^ent  of  tne  child  seem  to  fall  in  a  general  way, 
into  three  groups.   The  earliest  are  those  which  deal  v."ith 
physicci.1  development.   First,  the  investigators  in  this  field 
were  interested  in  the  general  question  of  the  physical 
growth  of  the  child  and  were  either  anthropologists  or  those 
identified  with  educational  work.   More  recently  the  greater 
interest  has  been  in  the  state  of  health  of  the  child,  of 
which  physical  growth  is  merely  an  index,  or  in  the  investi- 
gation 6t   the  consecutive  growth  of  individuals.   The  latter 
work  has  been  done  chiefly  by  u-embers  of  the  medical  pro- 
fession, whose  interest  naturally  lies  in  the  state  of  hefc-ltn 
of  the  child. 

The  second  group  consists  of  those  studies  which  seek  to 
correlate  the  physical  and  mental  efficiency  of  the  child. 
Here  we  find  the  terms  have  a  variety  of  meanings.   Physical 
may  refer  to  weight,  or  to  ..tature,  or  to  the  relation  of  the 
two;  or  to  physical  or  anatomical  development;  or  to  vital 
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capacity  or  motor  ability;  or  to  glandular  secretion.   Men- 
tal, on  the  other  hand,  may  mean  the  grade  or  school  stand- 
ing, the  estimate  of  the  teicher,  school  marks,  or  the 
scores  of  intelligence  tests,  of  specific  tests  or  of 
groups  of  specific  tests. 

The  third  group  deals  alone  with  mental  development 
as  shown  by  school  promotion  and  grades  or  so  called  intel- 
ligence tests,  whether  a  battery  of  tests  or  specific  tests. 


A,   Correlation  of  Physicol  and  Mental  Development. 

The  question  of  the  relation  of  the  physical  and  mental 
development  of  the  child  is  one  of  initial  importance  to  those 
whose  interest  lies  chiefly  in  forwarding  the  welfare  of 
children.   Especially  has  this  been  true  since  Porter  in 
18S3  found  a  roeltive  correlation  between  physical  develop- 
ment and  mental  ability,  as  a  result  of  the  measurement  of 
St.  Louis  school  children. 
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Since  that  time  a  numver  of  etuaies  have  been  under- 
taken with  one  theme: -Are  children  who  are  more  fully  de- 
veloped physically  more  capable  mentally  than  those  who  are 
less  favored? 

The  conclusions  reached  are  Oiost  conflicting,  but  today 
there  is  a  growing  conviction  on  the  part  of  teachers,  stu- 
dents of  education,  and  workers  in  educational  psychology, 
as  well  as  on  the  part  :f  the  14ity,  that  there  is  and  must 
be  a  close  relation  between  the  physical  acid  ment&l  develop- 
ment of  children. 

Whether  the  lack  of  agreement  among  the  investigators 
is  due  to  inaccurate  observations  and  unscientific  methods 
of  investigation,  or  to  inadequate  standards  it  is  difficult 
to  say. 

Porter's  (87)  work  term.inated  with  the  correlation  of 
the  height  and  weight  of  34,500  school  children  in  St.  Louis 
with  their  age  and  grade.   A  positive  correlation  was  ob- 
tained between  the  physical  aevelopment  so  measured  and 
mental  ability,  of  which  graae  standing  \nixe   token  as  a 
measure. 

He  says,  "Precocious  children  are  heavier  and  dmll 
children  are  lighter  than  the  mean  child  cf  the  same  age". 
In  1855  Boas  (13)  writes  in  a  review  cf  Porter's  investi- 
gation, "I  should  prefer  to  ct-li  the  less  favorably  devel- 
oped grade  of  children  retarded,  not  dull,  end  these  terms 
are  not  equivalent".   He  further  maintains  that.  Dr.  Porter 
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has  shown  that  mental  und  physical  growth  are  correlated  or 
depend  upon  comriion  causes;  not  that  mental  development  de- 
pends upon  physical  growth".   Dr.  Boas  points  out  that  Porter's 
results  merely  showed  that  children  who  are  physically  more 
vigorous  accomplish  a  greater  amount  of  mental  work  and  that 
those  predisposed  to  illness  will  naturally  be  retarded  in 
grade  standing. 

Regardless  of  such  criticism  Porter  writes  in  1896  (36  ) 
"The  time  in  which  we  live  will  always  be  memorable  as  the 
beginning  of  a  great  educational  reform.   It  has  seen  the 
complete  demonstration  of  the  law  that,  on  the  average,  the 
physical  strength  of  the  child  and  his  power  to  do  school 
work  go  hand  in  hand".   It  would  seem  from  the  many  refer- 
ences to  Porter's  work  that  his  expression  "power  to  do  school 
work"  has  been  interpreted  to  mean  inherent  mental  acility  n 
and  not  as  Dr.  Boas  interpreted  it. 

In  1834,  Gilbert  (  48)  carried  on  elaborate  research 
work  on  the  physical  and  inentil  development  .  f  school  children 
He  T.'ished  to  test  specific  abilities,  bOoh  physical  and  men- 
tal, and  so  correlated  a  group  of  tests  including  height, 
weight,  lung  capacity,  fatigue,  voluntary  motor  ability, 
muscle  sense,  sensitiveness  to  color  differences,  force  of 
suggestion,  discrimination  time,  reaction  time  and  time 
memory  vrith  mental  ability.   Altogether,  about  100  children 
of  each  age  group  from  S  to  17  were  measured. 

In  order  to  compare  the  results  of  the  respective  testa 
with  generis-l  mental  ability  he  accepted  the  teacher's  es- 
timate of  the  latter,  rather  than  school  grade,  which  stan- 
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dard  Porter  had  used.   Such  rating  Bilbert  believed  would  be 
more  accurate  than  a  systeir.  of  set  exan:ination6  upon  which 
grade  promotion  depended.   Gilbert's  results  were  negative. 
He  found  no  correlation  whatsoever  between  physical  und 
mental  measurements. 

Shortly  after  this  Boas  made  measurement-  on  Toronto 
children,  which  data  were  '.worked  up  by  West.   At  the  same 
time  West  was  making  similar  measurements  on  the  children 
of  Worcester,  Massachusetts.   Their  method  of  determining 
general  mental  ability  was  the  same  as  that  used  by  Gilbert. 
West  (  109)  says;   "The  teachers  were  asked  to  classify  their 
pupils  as  "good",  "average",  or  "poor".   They  were  to  make 
their  estimates  not  on  mere  class  standing  which  would  be 
influenced  by  such  irrelevant  matters  as  regularity  and 
punctuality  of  attendance,  but  upon  the  observed  natural 
quickness,  general  aptitude  for  assimilation  of  ideas  and 
initiative. 

West  reports  a  negative  correlation  between  physical 
development  and  intellectualability.   He  says,  "The  'poor" 
are  the  be  ter  developed  throughout,  except  in  the  case  of 
girls  of  14  and  possibly  boys  of  13".   "On  the  whole",  he 
continues,  "we  may  from  these  observations  consider  it  safe 
to  say  that  precocity  bears  an  inverse  rstio  to  bodily  de- 
velopment". 

He  offers  the  foliowing  reasons  for  this  discrepancy 
from  Porter's  results.   "Porter  grouped  his  material  in  two 
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ways  -  as  to  age,  and  then  v;ithin  age  as  to  grade,  and  in 
this  way  made  the  school  grade  of  the  pupil  the  criterion 
of  his  mental  powers.   He  does  not  take  into  account  the 
age  at  which  the  child  entered  the  school,  nor  his  regu- 
larity of  attendance,  coth  of  which  would  s^ve  to  deter- 
mine the  child^s  grade,  irrespective  oC  its  ability;  instead, 
he  proceeds  on  the  hypothesis  thcit  all  children  enter  school 
at  the  sane  age  and  pursue  their  studies  uninterruptedly 
thereafter". 

West  reasons  that  the  method  used  in  Toronto  avoided 
those  blunders.   However,  he  admits  certain  difficulties 
when  he  says,  "Two  facts  were  noted.   (l)  The  classification 
would  be  va:  y  greatly  influenced  cy  the  mental  caliber  of 
the  teacher  making  the  classification,   (S)  In  all  cases  it 
rested  almost  exclusively  upon  the  markings  of  the  class 
book.   (3)  Furthermore,  the  "poor"  students  were  a  mere 
handful.   The  teachers  were  willing  to  classify  the  scholars 
as  of  "good"  intelligence  or  of  "average"   intelligence, 
but  "poor"  was  taken  as  a  personal  reflection  upon  the 
teacher  of  the  class  in  question". 

Since  West  adrlts  that  in  all  cases  it  rested  almost 
exclusively  upon  the  markings  of  the  class  book,  the  eval- 
uation of  the  mental  aoility  of  i:he  children  was  little 
better  than  that  of  Porter,  who  took  grade  standing,  which 
was  based  on  set  examination;  and  it  would  seem  in  that  case 
he  should  have  obtained  results  more  like  Porter's.   Gilbert 
explained  his  results  by  saying  he  cellev-eu  the  teacher 
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adjudged  as  more  able  those  children  who  gave  more  time  to 
study  and  less  to  exercise  than  did  the  others. 

The  French  psychologists,  Einet  and  Vaschlde  (  14), 
published  in  1897  the  results  of  their  stuiies.   They  con- 
sidered physical  and  mental  correlations,  principally  simple 
and  choice  reaction  time,  rate  of  tapping,  dynamometer 
records,  memory,  and  speed  in  running.   Their  correlations 
were  so  low  they  decided  that  these  abilities,  are  independent 
although  there  was  a  correlation  between  class  standing  and 
physical  development.   They  conclude,  "It  is  not  the  Lnost 
vigorous  pupils  who  have  the  best  memory  for  figures,  here 
considered  as  an  evidence  of  intellectual  development". 

In  conr.ection  with  the  work  of  the  French  authors  it  is 
interesting  to  note  the  conclusions  of  other  Europe-Ji  author- 
ities.  Gait on  found  English  men  of  science  o  be  half  an 
inch  teller  than  their  fathers.   And  it  is  to  Gdton,  also,  that 
is  attributed  the  statement  that  there  is  no  correlation 
between  grades  on  academic  examinations  in  college  and 
physical  measurements.   Woodruff  (115)  points  out  that 
Lombroso  in  his  "Kan  of  Genius"  mentions  only  26  great  n.en 
of  tall  stature  whild  he  names  49  v;ho  were  short,  some  of 
them  being  even  dwarfish  or  less  than  5  f^et. 

In  19C0  Smedley  (103)  undertook  a  notable  work  in  the 
Public  Schools  of  Chicago.   He  correlated  height,  sitting 
height,  weight,  lung  capacity,  end  ergograph  and  dynamometer 
records  with  age  and  school  standing  of  10,123  subjects 
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remging  in  age  from  4  to  21  years. 

It  is  to  be  noted  that  his  procedure  was  similar  to 
Porter's  as  were  also  his  results;  he  obtained  a  positive 
correlation.   He  says,  "On  compiling  results  of  physical 
tests  it  is  found  that  the  12  year  old  pupils  of  the  higher 
grades  are  decidedly  superior  in  height,  weight,  strength, 
endurance  and  vital  capacity  to  those  found  in  the  lower 
grades.   This  seems  to  show  that  one  is  likely  to  attain  to 
his  highest  mental  development  only  as  he  reaches  the  physi- 
cal growth  and  development  which  nature  has  marked  out  for 
him".   In  conclusion,  he  says,  "In  general  there  is  a  dis- 
tinct relationship  in  children  betiiveen  physical  condition 
and  intellectual  capacity,  the  latter  varying  directly  as  the 
former". 

This  statement,  "That  one  is  likely  to  attain  to  his 

highest  mental  development  only  as  he  leaches  the  physical 

growth  and  development  which  nature  has  marked  out  for  him" 

leaves  room  for  one  to  ask,  when  the  other  12  year  olds 

reach  a  stage  of  physical  development  that  the  more  advanced 

have  already  reached,  will  they  be  equally  bright?  The  time 

element,  i.e.  ,  the  ogestion  of  rate  of  growth  seems  to  enter 

us 
in  here,  and  brings^  back  to  Dr.  Boas'  suggestion  that  the 

apparent  correlation  between  stature  and  cental  ability 

cimong  school  children  can  be  explained  as  a  phenomenon  of 

growth,  i.e.,  variation  in  maturity  only. 

Wiseler  (113)  in  19"1  published  the  results  of  a  long 

series  of  tests  including  tests  of  memory,  pitch,  color 


10 
naming,  association,  marking  A's  and  reaction  time,  percep- 
tion of  size,  perception  of  weight,  sensitiveness  to  pain, 
sensation  areas,  color  vision  and  color  preference,  fatigue, 
rate  of  movement,  accuracy  of  movement,  rhythm  and  percep- 
tion of  time,  along  with  measurements  of  height,  weight,  size 
of  head,  strength  of  hand,  eyesight  and  hearing,  many  of  the 
measurements  having  been  made  under  the  direction  of  Gattell 
upon  students  of  Columbia  University,  during  a  period  of  7 
years.   The  results  are  based  on  records  of  S50  Freshmen  tnd 
a  small  number  of  Seniors  of  Columcia  College,  and  also  those 
of  a  number  of  yo-Ling  women  in  Barnard  College.   He  found  that 
physical  tests  showed  a  general  tendency  to  correlate  with 
themselves;  also  that  markings  of  students  in  college  classes 
correlate  with  themselves  to  a  coneiderable  degree;  but  that 
neither  physical  tests  nor  cIsbs  standings  correlate  with 
psychological  tests  of  the  laboratory  type^  The  influence 
of  age  on  mental  t  ests  appears  to  be  small.   He  then  arrives 
at  negative  results  for  the  correlation  of  physical  develop- 
ment and  mentul  ability. 

Wissler  thinks  this  may  ce  due  to  the  physical  maturity 
of  college  students  and  that  this  would  account  for  the  de- 
crease of  correlation  as  we  approach  the  college  age  in  con- 
trast to  the  findings  of  Porter  and  Smedley  who  worked  with 
growing  children. 

In  the  same  year  Bagley  (  3  )  reported  his  study  on  the 
correlation  of  mental  ana  motor  ability  in  school  children. 
His  point  of  departure  seems  to  be  from  Porter's  work. 
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Porter,  after  finding  a  marked  tendency  toward  a  direct  re- 
lation between  weight  and  mental  precocity,  argued  that  weight 
easily  stands  for  rriotor  ability,  hence  the  child  increaeee 
in  ir.ental  efficiency  directly  as  he  increases  in  motor  ability. 
But  Bagley's  study  showed  result-:  radically  different.   In  his 
summary  he  says:- 

1,  There  is  an  Inverse  relation  between  mental  and 
motor  ability  although  there  are  numerous  indivi- 
dual exceptions, 

2,  There  is  a  gradual  increase  of  motor  ability  with 
age.   The  increase  in  mental  ability  is  not  so  well 
marked. 

3,  Boys  slightly  surpass  girls  in  motor  ability,  while 
the  reverse  obtains  in  mental  ability. 

In  1901,  Chamberlain  (  c;8)  reports  some  studies  carried 
on  in  other  countries  along  the  line  of  Porter's  St.  Louis 
work.   One  of  these  was  carried  cut  in  Prague,  Bohemia,  on 
children  from  5  l/2  to  14  years  of  age.   The  chief  objects 
was  to  determine  the  relation  that  existed  between  bodily 
development  and  intellectual  activity.   The  conoluBione 
are  that  a  relation  between  c,dvancement  in  school  from  class 
to  class  and  physical  constitution  is  observable,  due  to  the 
fact  that  bodily  weakness  or  sickness  ^eeps  the  child  away 
from  school,  frequently  causing  the  loss  of  a  school  year, 
whereas  good  health  allows  continuous  promotion.   This  arrest 
due  to  sickness  apparently  influences  the  sum  of  the  intel- 
lectual work  performed  rather  than  the  capacity  for  such 
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work,  hence,  they  believe,  one  could  not  argue  there  w&e  leee 
intellectual  capacity  as  a  result  of  bodily  weakness.   And 
finally,  they  state  that  although  the  most  capable  boys,  in 
the  lower  classes  at  least,  possess  statures  above  the  av- 
erage, direct  evidence  of  influence  of  email  stature  and  like 
physical  defects  upon  intellectual  capacity  is  not  forthcoming. 
This  poiht  of  view  is  very  similar  to  that  of  Boas  in  his 
criticism  of  Porter's  conclusions. 

In  the  work  of  Pearson  and  Lee  (67  ),  1903,  we  again 
meet  the  coefficient  of  correlation.   They  state  that  inas- 
much as  there  is  no  sensible  correlation  between  intelligence 
and  absolute  size  of  boly,  the  correlation  between  intel- 
ligence and  any  ratio  of  body  length  must  also  be  small. 
Their  study  deals  with  the  correlation  of  mental  and  physi- 
cal characteristics  of  "honor"  men  and  "p&ss"  men,  and  they 
actually  fovmd  the  correlation  between  weight  and  intel- 
ligence to  be  0.0459,  while  the  correlation  between  intel- 
ligence £.nd  the  ratio  of  weight  to  height  was  0,0604.   The 
correlation  between  intelligence  end  strength  of  pull  was 
-0.0482,  with  a  probable  error  of  ,035  ,  which  shows  that 
little  weight  can  be  attached  to  it.   The  "honor"  men,  when 
compared  with  the  "pass"  n.en  were  found  to  be  the  more  in- 
telligent.  In  conclusion  they  say,  "In  no  single  case, 
however,  is  the  correlation  between  intelligence  and  physical 
character  sufficiently  large  to  enable  us  to  group  the  honor 
men  as  a  differentiated  .hysical  class  or  to  predict  with  even 
a  moderate  degree  of  probability  intellectual  capa  city  from 
the  physical  characters  of  the  indi\idual. ■ 
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A  group  of  Btudiee  by  CrtiEpton  (34)  1908,  Cornell  (32) 
19C8,  Rotch  (95)  1909,  Foster  (45)  1-10,  King  (63)  1914,  who 
consider  physiological  :r  anaton.ical  age  as  the  basis  cy  which 
one  iLust  deternine  the  physical  develof-ment  and  show  its  infxu- 
ence  nn  scholarship,  are  cf  fiistorical  importance.   In  his 
study  based  on  4800  records  Crampton  (36)  shows  that  each  chror- 
olO£iCc..l  age  group  contains  three  6ubfe,roups  based  upon  physio- 
logical age,  namely:  (l)  prepubescent ,  (£j  pubescent,  (3) 
postpubesce-  t.   He  found  that  the  postpubescents  averaged  £4 
percent  t^  33  percent  heavier  than  the  pubeecents  of  the  same 
age;  end  that  they  averaged  as  much  as  11  percent  taller.   On 
the  aynarr.ometer,  the  postpubescents  averaged  about  33  percent 
stronger  than  the  pubesoents.   He  also  found  that  the  higher 
the  grade  the  fewer  were  pubesoents,  age  for  age;  and  this 
showed  that  the  postpubescents  were  better  in  scholarship. 
He  scys:  "Greater  height,  weight  ana  strength  are  related  to 
better  scholarship  because  they  are  all  effects  cf  the  sair.e 
cause  -  early  pubescence". 

Rotch  (91:)  found  that  anatomical  development  proceeded 
largely  iri  independence  of  height,  weight,  and  chronological 
age.   He  cites  the  instance  of  three  boye  of  t^.e  third  grade, 
whose  chronological  ages  were  seven,  eight  and  nine,  respec- 
tively.  Their  place  in  the  school  work  would  indicate,  how- 
ever, that  they  were  acout  equal,  although  they  oifferea  con- 
siderably ill  chrojiological  age.   The  Roentgen  picture  o  the 
carpjal  bones  cf  the  wrist  showed  tham.  all  to  be  equally  old 
anatorically ,  indicating  that  it  is  the  anato;:icaj  age  rather 
than  the  chronological  age  which  cc rre spends  to  mental  ability". 
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Foster  (45)  reports  on  the  educationt-l  experln.ent  of 
"Physiological  Age  te  tx  Basis  for  the  Clastif ication  of  Pupils 
Entering  High  School",  seer.s  to  prove  that  adolescents  claeei- 
fied  according  to  physiological  age  showed  a  higher  percent- 
age of  prorr.otion  that  when  the  usual  grade  nethod  Wc-s  used. 
He  also  concludes  th.t  a  classification  according  to  height 
would  probably  produce  the  eaine  results,  since  height 
correlates  highly  \\ith  the  advent  cf  puberty. 

King  (63)  publishes  in  1914  the  rea.  Its  of  his  study 
on  "Physiological  Age  and  School  Standing",   He  wishes  to 
discover:  (1)  whether  there  is  any  difference  in  school 
ability  and  school  progress  in  the  three  stages  of  develop- 
ment, (2)  whether  maturing  at  a  later  chronological  age  than 
usuol  is  less  fcvoratle  to  the  individu:  1  than  c.t  an  early  or 
median  age,  (3)  v.hether  hysiiological  age  has  any  observable 
relation  to  elimination  fron.  schooi..   It  is  the  first  one  of 
the  three  questions  which  is  of  special  interest  to  us. 

He  found  that  the  prepubetcents  of  both  sexes  ao  better 
than  pubescentB,  ana  the  pubescents  of  both  eexes  do  better 
than  the  rostpubescents.   This  conclusion  is  based  on  the 
percentage  of  good  grades  in  each  physiological  group.   All 
pufile  between  10  l/2  and  17  years  of  age  were  considered  in 
order  to  secure  immature  and  mature  grou-s  for  comt arisen 
with  maturing  groups.   As  regards  the  progress  through  the 
grades  King  says,  "The  figures  show  clearly  that  the  m.aturing 
age  in  both  sexes  is  favorable  to  school  progress.   They  are 
found  in  the  upper  classes  in  decidedly  greats,  numbers  than 
in  lower  classes". 
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In  that  he  agrees  with  Cracpton  (  34)  who  states:  "Progreas 
In  physiological  age  is  related  to  school  efficiency". 
One  n.ight  easily  point  out  here  that  progress  through  the 
grades;  particularly  of  the  larger  pupils,  is  not  by  any 
means  indicative  of  the  Pupil's  actual  efficiency,  but 
involves  the  attitude  of  the  teacher.   Often  the  practice 
obtains  of  passing  on  to  a  higher  grade  mature  pupils  of  low 
mental  -  attainments  whereas  immature  pupils  because  they  are 
small  will  be  retained  in  t  he  s  ame  grade  for  another  year. 

In  connection  with  this  group  of  studies  it  is  of 
interest  to  compare  a  more  eeoent  one  by  Lov/ell  and 
Woodrow  (117)  published  in  1932.   Their  data  consisted  of 
radiographs  of  hands  and  wrists  of  402  children,  varying  in 
age  from  5  1/2  to  11  1/2  years.   A  record  of  permanent  teeth 
was  also  made;  and  to  secure  "intelligence"  rating,  Kuhl- 
msjin's  1917  revision  of  the  Binet  test  was  given. 

Correlations  v.ere  made  only  oh  the  7  1/2  and  10  1/S  year 

children,  as  those  were  thw  only  groups  of  sufficient  size 

to  permit  of  it.   On  t he  whole  their  correlations  were  Email, 

The  table  is  given  below. 

Correlation  betv;een  I.Q.  and  Anatoc.ical  Ages. 

r.    10  1/2  yr   10  l/2  yr. 
Girls       Boys 

0.41       0.30 


Age  and  Sex 
Groups 

7  1/2 
Girls 

yr. 

7  1/2 

Boys 

r  -  carpal  age 
v.ith  I,Q, 

0.23 

0.15 

r  -  teeth  with 
I.Q, 

0,12 

0.21 

r  -  bones  and 
teeth  v.ith 

I.Q.  0,22 

0.29 
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The  ocrrelation  betv.een  carrd  bone  develorment  and  the 
nuinberof  permanent  teetn  for  the  7  l/£  year  group  w&b  eur- 
pri6ingly  low,  it  being  only  0. SO,  P,E.t,09  for  girls  and 
for  boys  -0.03,  P.  E.  J",  10,   The  correlation  between  carpal 
bone  development  and  height  was  low,  also,  being  only  0.14 
for  girle  and  0,27  for  boye,  showing  that  one  could  not  be 
substituted  for  the  other.   However,  they  report  that  the 
correlation  between  intelligence  and  carpel  development  was 
higher  than  the  correlation  between  intelligence  and  height. 

In  conclusion  they  say,  "We  will  content  ourselves  with 
the  statement  that  our  data  are  too  limited  to  settle  any- 
thing with  finality;  indications  are  that  anatomical  age  is 
not  so  closely  related  to  intelligence,  that  our  methods  of 
eetimatlng  the  brightness  and  dullness  of  children  need  to  be 
radically  modified".   They  state,  furthermore,  that  they  believe 
Dr.  CrcDipton  (35  )  exaggerates  somewhat  when  he  postulates 
that  "physiological  age  should  be  taken  as  a  basis  for  all 
records  and  investigations,  pedagogical  and  social  or  other 
treatment  with  children";  also  that  their  data  would  not 
permit  them  to  follow  Dr.  Rotch  when  he  goes  so  far  as  to 
publish  a  table  shovdng  the  proper  school  grades  for  ec:ich 
anatomical  age  as  determ.ined  by  the  development  of  the 
carpal  bones, 

A  group  of  studies  in  v,hich  attem.pts  were  made  to  relate 
the  signs  of  physical  and  r.  ent  1  defects  are  those  of  Binet, 
Goddard,  Doll,  Simon  and  Mead.   Binet  (  1^)  considered  such 
physical  stigmata  as  malformed  hands,  ears,  head,  etc.,  and 
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at  the  concluBion  of  his  study  Says:   "Nothing,  is  more  de- 
ceptive than  the  physical  appearance  of  intelligence  of  a 
child".   He  believes  they  should  play  only  a  secondary  part 
in  judging  the  intelligence  of  a  child.   Goddard  (48), 
after  his  extensive  work  with  the  feeble-minded,  rejorts 
that  the  feeble-minded  are  consistently  shorter,  age  for  age, 
than  are  normal  boys  EJid  that  the  difference  increases  with 
age.   The  same  he  says  holds  true  for  weight.   Girls  seem 
to  deviate  less  from  normal  than  boys  in  this.   He  calls 
special  attention  to  the  fact  that  the  morons  are  almost 
exactly  normal  in  height  until  the  age  of  15  and  in  weight 
until  the  age  of  19  when  they  begin  to  fall  away.   Doll  (40) 
confirms  the  same  results.   Is  it  not  quite  possible  that 
some  underlying  cause  is  responsible  for  both  conditions 
in  all  grades  of  mentcl  defectives,  as  in  the  case  of  cretinism? 

Mead's  (  76)  study  on  the  relation  of   general  intelli- 
gence to  certain  mental  sod  physical  traits  is  based  on  data 
collected  and  tests  made  upon  about  430  feeble-minded  children 
and  460  normal  children.   He  classified  his  subjects  as  regards 
age  and  mental  ability.   In  order  to  classify  them  for  general 
intelligence  he  took  the  grades  of  the  normal  children,  and 
for  the  feeble-n:inded  he  used  the  estimates  of  those  who 
were  in  charge  of  the  children.   He  teeated  his  data  under 
four  heads.   1.  The  age  of  walkin,  and  talking  in  relation  to 
general  intelligence.   2.  Heignt  and  weight  of  children  in 
relation  to  genertl  intelligence.   3.  Strength  of  grip  and 
dextrality  in  relation  to  general  intelligence.   4.  Percep- 


18 
tlon  and  n-.eKory  in  relation  to  general  intelligence. 

In  regard  to  the  r election  of  hel£,ht  and  weight  to  gen- 
eral intelligence  Mead's  results  are  substantially  the  same 
as  those  of  previous  investigators  with  the  feeble  minded. 
He  saysr 

1.  Not  only  is  mental  defect  reflected  on  the  average 
in  height  and  weight  of  children  but  the  more  de- 
cided the  defect  the  u.ore  checked  the  physical 
growth,  •. 

2.  This  is  more  evident  in  height  than  in  weight,  the 
first  being  probably  lees  subject  to  modification 
by  regular  habits  of  sleep,  diet,  etc, 

3.  Feeble-minded  girls  more  nearly  approximate  normal 
girls  in  wei-ht  than  feeble-minded  boys  approximate 
normal  boys. 

4.  The  com.monly  knoun  fact  that  girls  are  taller  and 
heavier  than  boys  during  early  adolescence  shows 
itself  also  with  mental  defectives. 

5.  Defective  boys  and  girls  are  nore  variable  in  height 
than  normal  boys  and  girls.   Before  thirteen  years  of 
of  age  defective  boys  and  girls  of  institutional 

life  are  ii.ore  constcnt  in  weight  than  nornal  boys  and 

girls. 
Dr.  Simon  ( lOO)  carried  en  sir..ilc.r  studies  at  a  hospital 
for  feeble-minded  children  in  France.   He  arrives  at  the 
general  conclusion  that  a  correlation  between  physical  and 
intellectual  development,  does  exist,  such  parallelism  being 


19 
only  "the  expression  of  the  fact  that  the  physical  constltut- 
tion  end  the  mentality  of  an  Individual  are  only  two  aspects 
of  physiological  activity,  representing  two  equivalent  forms 
of  the  same  ir dividuality". 

All  of  these  studies  point  to  a  definite  correlation 
between  physical  and  menttl  development.   Apparently  there 
is  seme  foundation  for  obtaining  positive  correlation  in  a 
specially  selected  group  such  as  the  feeble-minded.   It  would 
seem  that  these  results  have  become  also  to  a  large  extent 
the  basis  for  the  general  conception  of  the  relation  of  men- 
tal and  physical  development  in  normal  as  well  as  feeble- 
minded children, 

Cornell  (  32  )  in  1S06  took  as  his  subjects,  five  hundred 
and  fifty-five  children  of  three  Philadelphia  Public  Schools, 
and  secured  the  following  data:   (l)  the  physical  record, 
(2)  the  scholarship  of  each,  (3)  physical  defects.   This  last 
item  divided  the  children  into  two  groups,  the  healthy  or 
normal  and  those  with  noteworthy  physical  defects,  such  as 
eye,  ear,  nose  and  throat  defects,  dental  and  orthopedic 
defects,  nervous  disorders,  mental  deficiency  and  poor 
nutrition.   He  reports  that  the  results  showed  that  in  each 
school  the  healthy  or  norn.al  children  stood  higher  in  their 
classes  than  the  average  child  and  that  the  children  with 
physical  defects,  taken  as  a  class  stood  lower  than  the 
average, 

Arnold  (  2 )  m  hie  study  of  "Weight  and  School  Pro- 
gress" states  that  "before  anything  else  can  be  done  for  the 
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child  he  ffiUBt  be  properly  nourished  and  fed".   He  remarkB, 
"A  casual  glance  at  the  weight  cf  ohilaren  of  the  same  age 
in  the  different  grades  will  convince  one  that  almost 
automatically,  the  place  of  the  child  in  the  school  is 
determined  ty  his  physique,  and  that  a  child  will  progress 
ir.ore  rapidly  fa.ccording  to  his  increase  in  weight," 

After  measuring  the  weights  and  standing  heights  of  the 
children  of  four  schools  and  tabulating  them  (1)  by  grade, 
(2)  by  sex,  (3)  by  nationt^lity ,  (4)  by  school  year,  he  comes 
to  the  conclusion  that  the  small  bright  pupils  are  small  for 
the  grade  but  large  for  their  age,  while  the  IcO-ge  dull 
pupils  are  large  for  the  grade  but  small  for  their  age;  this 
rule  holding  in  almost  all  cases.   He  believes  one  may 
safely  say  that  pupils  who  vary  greatly  from  the  average  in 
weight,  will  usually  be  found  to  be  undergrade,  but  that 
where  averages  of  larger  groups  are  in  question  the  over- 
weight pupils  do  not  occur  in  sufficient  nxomber  to  over- 
balance the  number  of  underv/eight  children. 

In  1914  Baldwin  (  4  )  made  tn  interesting  contribution, 
HiS  work  deals  with  43,840  physical  measurements  made  cm 
approximately  1000  boys  and  1000  girls,  and  21,683  final 
quarterly  term  D:arks  of  135  of  these  sa:^e  boys  and  girls 
from  the  Horace  Mann  School  of  Teachers  College,  New  York 
City,  the  University  of  Chicago  Elen.entary  and  High  School 
and  the  Frances  W.  Parker  School  of  Chicago, 

This  work  is  of  interest  beceuse  it  is  the  first  attempt 
to  follow  constcntly  the  same  group  of  children  through  the 
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elementary  and  high  school  in  physical  growth  or  school 

standing.   Baldwin  concludes  as  regards  the  relation  of 

physical  growth  to  school  standing,  "If  pedagogical  age  is 

to  be  accepted  as  a  fair  equivalent  of  mental  development, 

tall,  heavy  toys  c.nd  girls  with  good  lung  capacity  ere 

1 
older  physiologically  and  further  along  in  their  stages 

toward  mental  maturity  as  evidenced  by  school  f)rogre8s 

than  the  short  light  boys".   He  says  further,  "It  follows 

from  the  study  that  rapid  healthy  growth  favors  good  mental 

developm.ent". 

Recently  Baldr.in  (  6  )  has  again  investigated  the 
relation  of  mental  and  physical  growth.   This  time,  however, 
he  usee  the  n.ental  age  and  the  I.Q,  ,  as  determined  by  the 
Stanford  Revision  of  the  Binet-Simcn  tests  to  detern.ine 
the  mental  development.   He  reports  for  4S  girls  correl- 
ations of  +0. 88  between  grow-h  in  height  and  ment;-!  gge,  ana 
+0.71  between  growth  in  weight  and  mental  age,  and  +0.83 
between  the  exposed  area  of  cappal  bones  and  irental  a^e. 
The  m.agnitued  of  the  correlation,  he  reasons,  is  unduly 
influenced  by  the  range  of  the  ages  of  the  children  which  is 
from  5  to  15  years.   The  coefficient  between  height  and 
mental  age  for  the  group  of  49  girls  by  the  m.ethod  of  par- 
tial correlation  withage  constant  is  0.83.   That  indicates 
that  physically  accelerated  girls  are  mentally  accelerated, 

Wooley  and  Fisher  O-ls)  studied  the  mental  and  physical 
neasurenents  of  753  working  children  14  and  15  years  of  age. 


1.   Baldwin  measured  physiological  age  by  the  appearance  of 
adolescent  phenomena. 
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The  following  meaeurei-ente  were  made:  -  helght-etandint  and 
sitting,  weight,  vital  capacity,  visual  and  auditory  acuity, 
grip,  steadinesB,  cancellation,  substitution,  card  sorting, 
tapping,  association,  opposites,  sentence  comcletion,  rfc.te 
memory,  various  forn-.  board  teste  and  a  puzzle  box  test. 

The  results  of  each  of  the  physical  ane  mentd  tests  were 
correlated  separately  with  school  grade.   They  repost  a 
positive  correlation  with  school  grtide  for  the  physical  tests 
as  a  whole.   In  the  case  of  the  boys,  they  say,  it  exists  for 
every  test  except  steadiness,  but  ifi  less  marked  among  the 
girle.   The  girls,  on  the  other  hand  show  no  correlation  in 
the  tests  for  strength  of  hand  or  in  that  of  rapidity  wheb 
continued  as  long  as  a  minute. 

All  mental  tests  gave  a  positive  correlation  with  school 
grade,  that  of  memory  being  the  largest,  follovired  in  order 
by  association  by  opposites,  sentence  test,  substitution, 
cancellation,  and  last  of  all  the  puzzle  box, 

Stewart  (105)  in  1816  dealt  with  school  marks  of  207 
boys  and  correlated  pnysical  growth  with  school  standing. 
He  believed  there  was  a  positive  relation  between  wei^^ht  and 
scholarship  in  the  elerr.entary  grades,  but  concerning  the  re- 
lation in  the  high  school  he  was  sorr.ewhat  uncertain.   His 
results  in  regard  to  the  relation  of  height  and  school  standing 
were  slightly  less  positive.   Moreover,  he  shows  that  when 
individual  curves  and  correlations  are  considered  without 
reference  to  the  size  of  ,he  boy,  or  to  his  stage  of 
development,  it  is  difficult  to  see  uny  relation  between 
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phyeioal  growth  and  school  standing. 

Biokersteth  (  11  )  in  lrl7  correlated  physical  and 

mental  age  of  2500  pupils  of  elementary  and  seoonuary  schools. 

The  physical  age,  he  determined  by  the  results  of  the  motor 

1 
tests,  tappinti  and  plunger,  the  mental  age  by  a  series  of 

laboratory  mental  tests  such  as  tests  of  attention,  discrim- 
ination, memory,  reasoning  and  analytic  and  synthetic 
apperception  (spot  pattern).   The  degree  of  correlation 
obtained,  he  believes,  gave  little  support  to  the  conclusion 
of  Porter  (87  )  and  Kirkpatrick  (  55  )  ,  v.lio  in  1900  found  a 
decided  correspondence  between  motor  and  mental  ability,  but 
accords  rather  with  Bagley's  (  3  )  results  in  a  similar  work. 

The  work  by  DeBusk  (37  )  wts  interesting  because  he 
used  somewhat  the  sane  type  of  data  that  is  used  in  n.y  own 
study.  He  calculated  the  weight-height  indices  of  104  boys  and 
S6  girls.   The  height-weight  index  is  secured  by  dividing  the 
weight  of  an  individual  by  his  height.   He  believed  that  this 
index  would  express  the  general  state  of  nutrition  of  the 
individual.   Then  as  a  result  of  these  calculations  for  his 
own  group  and  the  Smedley  and  Gilbert  groups,  he  found  that 


1.  "The  Plunger  is  an  appt^ratus  devi&ed  by  Dr.  McCougall 
consisting  of  a  heavy  brass  plate  23  c.c.  square,  mounted 
on  a  wooden  base,  containing  24  raised  sockets  2  cm.  high, 
arranged  in  a  circle  9  mm.  in  diameter.   The  test  consists 
in  inserting  a  small  steel  instriiment ,  mounted  in  a  wooden 
handle,  into  each  socket  in  turn  as  rapidly  as  ossible, 
the  time  to  meike  a  complete  revolution  being  timed  with  a 
sto;-Wc.tch,  and  vc^rying  from  12  to  30  sec  nds  according  to 
the  age  and  skill  of  the  subject." 
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the  weight-height  indices  brought  out  the  faot  that  there  was 
e  tendency  for  the  retarded  to  show  the  higher  indices. 

To  obtain  the  mental  status,  DeBusk  used  the  1911  re- 
vision of  the  Binet-Simon  scale,  and  used  the  results  as  a 
basis  for  the  classification  of  subjects  into  three  groups, 
"accelerated",  "nomal",  and  "retarded". 

As  t  o  height,  he  fovuad  that  accelerated  boys  were  taller 
than  the  retarded  at  all  ages  except  8  and  13.   "As  a  rule", 
he  says,  "the  retarded  groups  are  both  lighter  and  shorter 
than  the  accelerated  or  normal.   Almost  without  esception 
when  canps.red  with  normal  or  accelerated  children  of  their 
own  age,  the  retarded  show  a  vital  capacity  under  the  average 
and  also  a  greater  variation  from  the  norn.  tnan  that  of  either 
height  or  weight". 

One  of  the  most  recent  and  most  important  studies, 

scientifically  conducted  under  controlled  conditions,  by 

expert  workers,  is  that  of  Lincoln,  Johnson,  and  Hunt  (  60). 

In  8um,n  ing  up  the  results  of  the  general  intelligence  tests 

1 
of  the  Nutrition  and  Control  Groups  they  say  in  part  "(1)  In 

2 
tests  of  general  intelligence  the  undernourished  children 

distribute  themselves  similarly  to  children  tf  normal  height- 
weight-age  index.   The  central  tendency  is  slightly  higher 
than  that  of  the  Control  Group  and  there  are  slight  differ- 

1.  The  "nutrition"  group  includes  the  underweight  children 
to  whom  a  suitable  lunch  y,b.e   servea  et-ch  school  day.   The 

"contBOl"  was  composed  of  children  who  were  approximately  of 
average  weifc,ht  for  their  height  imdiage, 

2.  The  "u  dernourished"  were  those  children  who  were  found 
to  be  7^  ov  more  underweignt ,  according  to  the  Burk-Eoas 
Height-Weight-Age  Tables. 
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ences  in  variability.   Children  of  high  intelligence  acoree 
gain  more  under  the  Nutrition  Claee  procedure  than  those  cf 
lower  scores.   (2)  In  a  learning  series  the  Nutrition  Group 
is  superior  tc  the  Control  Group  both  in  speed  end  accuracy, 
(3)  In  motor  coordination  and  pec  forn:ance  tests  not  involv- 
ing uninterrupted  expenditure  of  muscular  energy,  such  as 
Card  sorting.  Aiming  (target  test),  and  Dissected  pictures, 
the  undernourished  children  make  normal  scores  according  to 
established  standards  and  are  superior  to  the  Control  Group. 
This  certainly  would  not  support  the  findings  of  Porter, 
Arnold,  or  Cornell.   Naccarate  and  Lewy-Guinburg  approached 
the  question  of  the  relation  of  physical  and  mental  develop- 
ment from  a  new  angle.   They  considered  the  relation  of 
hormones  and  intelligence.   This  work  proceeds  on  the  hy- 
pothesis that  "the  same  hormones  which  promote  the  mor- 
phogenesis of  the  skeleton,  and  r.-.uscles  of  the  limbs,  pro- 
mote also  the  development  of  the  psychomotor  and  psycho- 
sensory centers,  and  would  lead  to  the  conclusion  that  there 
exists  a  correlation  between  the  morphological  development 
and  the  intelligence  o"  the  individual". 

The  morphological  index,  they  say,  is  obtained  by  divid- 
ing the  linear  value  of  the  sum.  of  one  upper  and  one  lower 
extremity  by  the  volumetric  value  of  the  trunk.   As  this 
value  corresponds  approximately  to  the  ratio,  height  to 
weight  these  investigators  used  the  height-weight  index  as 
equivalent  to  the  morphologic  index. 

The  intelligence  tests  that  were  used  were  the  army 
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Alpha  for  50  students,  ir.ostly  females;  Otie  test  for  94 
students   f  both  sexes,  and  Thorndlke  Examination  tests 
for  252  male  college  students.   The  firet  group  gave  a 
correlation  C,44,  P.E. -.06.   The  second  group  gave  a 
correlation  of  0.15,  P.E.  t .  0?  ,  the  third,  0.13,  P.  E.  t:.04, 

Dowd  (41)  reports  a  study  of  110  subjects,  fifty-five 
of  whom  constituted  the  "nutrition  class"  at  the  hospital 
clinic.   These  children  had  an  average  age  of  twelve  years. 
Their  average  I.Q.  was  79  and  they  averaged  11  1/2^  under- 
weight.  He  compared  these  with  fifty-five  who  were  in  the 
general  clinic.   They  had  an  avera^^e  age  of  10  years, 
were  8^  underweight  and  had  an  average  I.Q.  of  77,   He 
does  not  state  what  measures  he  used,  but  that  some  stan- 
dards were  used  for  comparison  is  evident  from  the  acove. 
In  his  conclusion  he  st-ys:   "In  general  our  experiment  has 
agreed  with  that  of  other  investigators,  that  the  under- 
nourished children  distribute  themselves  in  tests  of  intel- 
lignece  similar  to  normal  children".   And  he  further  states: 
"While  im.provement  was  shown  in  all  othe:  respects  the  I.Q. 
remained  substantially  the  same", 

Blanton  reports  a  study  of  the  physical  and  mantal 
condition  of  6500  children  of  the  Volkeschuler  in  Trier, 
Germany.   In  studying  the  question  of  school  retardation 
it  was  found  that  the  percentage  of  children  falling  to  pass 
their  grade  had  increased  from  8^  in  the  prewar  period  to 
Ibfc   in  IS  17-18.   It  was  estimated  that  about  one  half  of  the 
increase  was  due  to  mialnutrlt  ion .  the  other  half  to  was  con- 
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ditlons  and  the  disorganization  of  the  school.   Blanton 
states  that  40^-  of  the  children  were  suffering  frorc  mal- 
nutrition to  such  a  degree  as  to  cause  a  loss  of  nervous 
energy.   However,  the  investigt^tor  gives  the  reader  no 
clue  as  to  how  "malnutrition"  was  determined,  other  than 
the  fact  that  the  constituents  of  the  war  rations  and  the 
reduced  quality  was  inadequate  for  proper  nutrition,  and  the 
fact  that  the  children  were  sent  up  for  examination. 

To  determine  the  mental  condition  he  seems  to  have 
relied  chiefly  on  the  report  of  the  teachers  and  rectors. 
We  are  told  that  two  groups  suffff  ing  from  malnutrition  in 
a  marked  degree  were  selected  fro  special  examination  by  a 
psychological  test,  but  he  gives  statistical  data  for  only 
SO  of  the  65CC  children  and  apparently  no  careful  system.atic 
testing  was  done.   It  is  unfortunate  that  more  definite  and 
detailed  scientific  work  was  not  done,  for  that  field  offered 
rich  opportunity  for  obtaining  some  valuable  facts  concerning 
the  effeci  of  malnutrition  on  mental  development. 

He  dravis  the  following  conclusion:   "One  of  the  most 
imrortent  things  shown  in  this  whole  study  is  how  the 
nervous  systeri  of  the  child  of  good  nervous  stock  can  re- 
sist malnutrition  to  en  extreme  degree  extending  over  three 
years.   But  the  feeble-minded,  the  borderline  defec:;ives 
and  those  classed  as  dull  are  affected  c.nd  often  prematurely 
60  by  malnutrition  of  even  moderate  severity".   Also  he 
states,  "The  effect  cf  mt^lnutrition  on  the  physical  and 
mental  ability  of  children  as  shown  by  this  survey  depends 
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on  two  factors;  on  the  seve  ilty  of  malnutrition  and  on  the 
mental  statue  of  the  child". 

As  a  result  of  the  foregoing  historical  surv  y  one 
can  rea.iily  see  the  evidence  is  so  conflicting  that  it  is 
difficult  to  say  en  which  side  the  truth  lies.   Those  who 
secured  positive  results  are  Porter,  Smedley,  Bladwin, 
Arnold,  Cornell,  Woolley,  DeBusk;  the  group  which  worked 
with  the  feeble-minded;  and  those  who  took  physiological  or 
anatomical  develoiment  as  a  basis  for  physical  development. 
Of  the  last  group  King's  (64)  support,  however,  is  v.eak 
and  Lowell  and  Woodrow's  (117)  is  positively  negative. 

Those  found  in  the  neg  tive  cajrip  are  Gilbert,  Boas  and 
West,  Binet  and  Vaschedi,  Wissler,  Bagley,  Matiegke,  Pearson 
and  Lee,  Stewart,  Beckersteth,  and  H\ant,  Johnson  and  Linclon, 

In  collecting  their  data  the  in » estigators  classified 
above  have  used  a  variety  of  physical  measurements  to  deter- 
mine the  phyeiccil  status,  and  a  variety  of  measurements  of 
mentbl  ability.   Except  for  the  few  English  studies  and  the 
recent  works  in  this  country,  the  investigators,  as  a  rule, 
did  not  ccmrute  coefficient  of  correlation. 

In  spite  of  the  many  negative  results  v.hich  have  been 
reported  since  the  work  done  by  Porter  there  seem.s  to  be  a 
persistent  and  widespread  belief  that  there  is  a  close  re— 
laticn  between  physical  and  mental  developnent.  Woodrow  (118) 
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says  i^.  his  book  "Prightness  and  Dullness  in  Childreri":   "We 
have  alret-dy  seen  that  mentd.  ability  varies  with  anatomical 
ago.   It  is  reasonable,  therefore,  to  expect  some  correlation 
between  mental  ability  and  height  and  weight.   Such  correl- 
ation is  now  well  confirmed".   He  then  cites  the  work  of 
Porxer  and  that  done  on  feeble-minded  children.   He  after- 
wards proceeds  to  say,  "I  have  already  called  attention  to 
thefict  that  children  of  the  professional  class  are  brighter 
than  those  of  the  laboring  classes.   It  is  cle=.r  that  a 
higher  degree  of  brightness  goes  hand  in  hand  with  better 
physical  development.   His  own  study  with  negative  results 
appeared  later,  however. 

Pyle,  (  88  )  also  in  his  book,  "The  Mental  Examination 
of  School  Children",  1913,  says,  "The  correlation  between 
mental  and  physical  deveippment  hcs  been  established  beyond 
a  doubt.   It  is  therefore  very  important  that  physical 
measurements  and  tests  be  made  along  with  the  merital  tccts  — 
It  must  be  eemembered,  however,  that  a  child's  absolute  physi- 
cal measurements  are  not  of  much  significance  unless  account 
is  taken  of  the  hereditary  stock  to  which  the  child  belongs". 
More  important,  perhaps  than  the  inter-relationship  of  the 
mental  tests  themsr^lves,  is  their  relation  to  general  inteli^ 
ligenoe,  he  says,  aid  adds,  "A  good  criterion  of  general 
intelligence  is  the  school  grade  for  the  year,  provided  tha 
grades  are  determined  in  -o   careful  manner"^  The  last  pro- 
vision is  the  doubtful  factor,  however,  as  it  is  practically 
Impossible  to  eliminate  the  personal  equation  of  th  e  teacher. 
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Hall  (  55  )  in  his  "Adolesceace"  exrretjsee  the  view  that 
this  16  a  vast  but  unsolved  problem.   He  refers  to  Bohannon's 
work  which  shows  that  children  who  are  tall  on.c  heavy  for 
their  age,  are  dressei  and  treated  as  older  children,  asso- 
ciate with  the  n.ore  mature  and  find  more  is  expected  of 
them,  all  of  which  treatir.ent  tends  to  force  their  maturity. 
On  the  other  hand  for  those  children  who  are  small  for  their 
age  the  reveiee  is  true,  v.'hich  would  tend  to  delay  their 
deveiopment.   Hall  says:  "If  Porter's  inference  that  large 
children  are  intellectually  superior  to  S!>:all  ones,  is  con- 
firmed, it  may  be  at  least  partly  due  to  artificial  and  not 
to  natural  causes,  and  the  popular  conception  that  rapid 
growth  is  likely  to  be  attended  by  sluggish  mentality  may 
yet   be  true  to  nature. 

Professor  Leo  Burgenstein  ( o5  )  .f  Vienna  in  1910 
wrote,  after  reviev/ing  the  ret;ults  of  invent igat ions  in 
Europe  C.S  well  as  those  of  American,  "We  come  to  the  con- 
clusion that  inferior  physical  gifts  ana  development , as 
well  as  the  existence  of  physical  defects,  will,  as  a  rule, 
be  followed  by  a  lower  physical  condition  and  therefore  by 
small  success  in  school  career,  where  so  much  depends  on 
brain  work,  even  i f  we  are  not  for  enough  advanced  to  say 
with  certainty  how  largely  psychical  inferiority  is  accounted 
for  by  physical  inferiority  and  how  far  ill  success  in 
education  is  everywhere  due  to  this  cause". 
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Mental  Measurements 

Just  as  a  standard  of  physical  growth  is  needed,  so  is 
a  measure  of  s.entoi-  development  desirable.   The  standards 
used  by  the  investigators  of  the  studies  previously  mention- 
ed have  been  varied;  some  have  used  school  grades  or  rat- 
ing of  teacher  while  others  have  used  some  kind  of  psychO;- 
logical  test.   It  is  upon  the  latter  that,  at  the  present 
time  more  reliance  is  placed. 

The  type  of  test  used  by  the  earlier  workers  was 
largely  that  of  the  laboratory  type,  sucji  as  reaction  time, 
attention,  memory,  discrimination,  association,  end  tests 
of  motor  skill  and  strength.   A  brief  description  of  the 
tests  Gilbert  (  48)  used  may  serve  to  recall  the  nature  of 
the  laboratory  ty-:e  of  test. 

In  the  weight  discrimination  or  "muscle  sense"  test, 
the  child  was  given  a  box  of  weights  and  was  instructea  to 
sort  out  all  the  weights  which  seemed  to  him  to  be  of  ex- 
actly the  same  weight  as  the  standard,  lifting  them  endwise 
between  thumb  and  fingers.   The  standard  weighed  62  £rams. 
"To  avoid  the  effects  of  fatigue  on  the  sensitiveness  to 
weight,  each  child  was  given  only  two  trials  on  each  block, 
lifting  it  and  the  standard  alternaleiy.   The  successive 
steps  between  the  weights  being  two  grams,  the  number  of 
blocks  selected  as  being  of  the  sar/.e  weight  multiplied  by 
two  would  indicate  in  grams  the  threshold  for  discrimination 
to  weight  for  thai  child". 
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Another  test  for  discriniination  that  was  used  was  the 
test  to  discover  the  least  :ercepti"ole  difference  in  the  shade 
of  one  color.   Ten  pieces  of  red  cloth,  differing  in  shade 
were  presented  to  Lhe  reactor.   A  standard,  the  one  contain- 
ing the  lightest  shade,  was  first  shown  and  then  th>e  child 
was  directed  to  pick  from  a  box  containing  the  full  set  ail 
those  shades  which  were  exactly  like  the  standard".  "The 
number  of  colors  picked  out  would  i..dicate  the  threshold  for 
discrimination  of  color  for  that  child". 

The  aim  of  the  "Force  of  suggestion"  te^t,  Gilbert  tells 
us,  was  to  measure  the  effect  of  our  ideas  of  a  thing  formed 
by  the  sense  of  sight  upon  those  formed  by  the  muscle  sense; 
in  particular  to  get  the  effect  of  bulk  in  a  thing  upon  cur 
1u:igment  of  what  it  should  weigh".   In  this  test  a  set  of 
ten  blocks,  all  of  the  same  weight  but  varying  in  buli, 
was  shown,  -nd  the  childwLs  asked  to  arrange  them  in  order 
according  to  their  respective  weij^hts.   Gilbert  reports,  "The 
decision  was  universal  that  the  smallest  one  seemed  heaviest 
and  the  largest  one  lii=;,htest,  the  others  ranging  between  those 
two  extremes  with  weights  inversely  proportional  to  their 
size". 

To  measure  "voluntary  motor  ability  ■. nd  fatigue",  the 
child  was  asked  to  tap  as  r. pidiy  as  he  could  until  told  to 
stop  on  a  button  corrected  with  a  chrono8ccr:e.   ^he  child 
tapped  for  forty-  ive  seconds.   The  number  of  taps  made  in 
the  first  five  seconds  was  taken  to  represent  the  volur:tary 
motro  ability  of  the  child.   The  fatigue  was  measured  in 
percentage  by  Cclculating  the  difference  in  the  rate  of 
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tapping  of  the  firtt  five  seconds  c.nd  last  five  seconds  and 
then  dividing  this  difference  by  the  niunber  of  taps  made  in 
the  first  five  seconds, 

Gilbert  also  gave  tests  of  simple  reaction  time,  and 
reaction  with  diecriri.ination  and  choice.   In  the  fonner  the 
child  was  asked  to  press  down  a  key  as  soon  as  he  saw  a 
nioven-ent  of  a  certain  disk.   The  time  which  elapsed  was 
recorded  by  the  chronoscore.   In  the  latl.er  form  of  reaction 
the  child  was  told  to  react  :n  a  certain  key  if  the  color, 
blue  appeared  when  the  slide  in  a  box  containing  two  colore, 
red  and  blue,  was  moved.   But  he  was  not  to  react  if  red 
appeared;  "This  compelled  him  to  wait  and  discriminate 
between  red  and  blue  and  also  to  make  the  choice  whether  to 
react  or  not". 

Still  another  test  used  was  the  "Time-memiOry".   In  this 
test  the  chronoscore  v.as  set  in  motion  and  the  child  was 
told  to  listen  v>ith  regard  to  how  long  it  was  allowed  to 
sound,  and  then  after  it  was  started  a  second  time,  he  was  to 
stop  it  T;hen  he  thought  it  had  gone  just  as  long  as  it  had 
been  allowed  to  go  the  first  t  iii.e,   "Each  child  was  given 
ten  trials  from  v.hich  the  median  v^ue  was  calculated  for  his 
general  result". 

The  tects  devised  and  used  by  Cattell  at  Columbia 
differed  somev.hat  from  those  of  Gilbert. 

To  measure  the  "strength  of  hand"  the  oval  dynamometer 
was  employed.   The  Yatigue"  test  was  made  with  Cattell 'e 
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ergoceter. 

The  test  for  the  "Perception  ■_.  f  Pitch"  is  deeoribed  c.e 
followB:   "The  te&t  is  made  with  a  i:.onochord  tuned  so  that 
F  below  ir.iddle  C  is  given  when  the  bridge  is  at  75  en..   The 
directions  for  making  the  test  are  as  follows:   "Give  tone 
F  tv/ice  at  an  int«rvc.l  of  about  two  seconds  to  the  student 
v.hose  beck  it  turned.   Then  shift  the  bridge  to  about  50  and 
let  the  studai  t  find  the  tone.   He  must  be  warned  against 
huinning  the  tune  and  must  probably  be  taught  in  advance  how 
to  use  the  r.or-ochord.   Record  the  foaition  of  the  bridge  and 
then  give  the  original  tone  tvfice  and  shift  the  bridge  to  the 
pls.ce  where  it  was  left  by  the  student  in  his  flret  trial, 
telling  him  that  it  is  put  back  to  this  place.   Let  him  now 
find  the  tone  and  record  the  position.   Ask  the  student 
v.hether  he  plays  a  musical  instrument  or  sings  and  record 
his  answers". 

In  the  test  to  locate  "sensation  areas"  the  points  of 
the  aesthesiometer,  2   cm.  cptrt,  v.ere  applied  longitudinally 
to  the  back  of  the  left  hand. 

"Sensitivenei-6  to  Pain"  was  deterc.ined  for  the  ball  of 
the  thumb  of  both  right  and  left  hand  by  the  algom.eter.  He 
too,  had  a  reaction  time  experiment. 

Rate  of  Perceiticn  was  tested  by  having  the  student 
mark  out  as  quickly  as  poscible  all  the  A's  en  a  printed 
sheet. 
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"Rate  of  rroveKent"  was  tetted  by  having  the  student  put 

a  dot  in  each  of  one  hundred  Ictr:.  squares,  ruled  on  a.   tlank, 
"Accurecy  of  n:oveu:ent"  Wcis  tested  by  having  the  student 
strike  at  each  of  IOC  dote  ari'snged  in  the  fonr.  cf  a  lOcm. 
square.   He  muBt  aim  to  hit  them  as  nearly  as  he  can  and  as 
quickly  as  possible. 

In  the  "Imagery"  test  the  student  was  to  answer  the 
following  question:   "Think  of  your  breakfciSt  table  as  you 
sat  dov.n  to  it  this  morning;  call  up  the  appearance  of  the 
table,  the  dishes  and  fool  on  it,  the  persons  present,  etc. 
Then  write  answere  tc  the  following  questioner 

1.  Are  the  outlines  of  ti.e  objects  distinct  and 
sharp? 

2.  Are  the  colors  bright  and  natural? 

3.  Where  does  the  im.age  seem  to  be  situated?   In  the 
head?  Before  the  eyes?  At  a  distance? 

4.  How  dies  the  size  of  the  image  compare  with  the 
actual  size  cf  the  scene? 

"Memory"  was  tested  by  reading  or  shov;ing  to  the  student 
a  series  cf  numbers,  after  which  they  were  reproduced  in 
writing  by  the  student.  Logical  Memory  v.as  tested  by  reading 
to  him  a  passage  of  100  words  and  then  the  student  reproduced 
the  thought.   The  "Association  test  consisted  cf  a  blank 
containing  the  following  words:   hcuse,  tree,  child,  time, 
art,  London,  Naroienn,  red,  enough.   This  was  given  the 
student  and  he  was  asked  to  write  after  each  word  as  quickly 
as  possible  v.hat  it  suggested  to  him,  preferably  a  single  word. 
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Many  of  these  teste  v.hlch  have  been  n.enticned  have  been 
used  ever  since,  some  have  been  lEGdified  and  new  ones  added, 
Adong  the  later  ones  those  that  axe  frequently  met  v^ith  are 
the  steadiness  test,  card  sorting,  tapping  (rapidity  of 
rcovenient),  sentence  completion,  association  by  opposites, 
omitted  letter  tests,  which  are  tests  both  for  percer-tion 
and  association;  the  substitution,  v.hich  is  in  reality  both 
a  ir.eir.ory  and  learning  test.   This  %y^e   of  test  has  been  used 
extensively  in  investigations  of  the  learning  proceee,  and 
still  another  test  frequently  used  is  t.n  attention  test  of 
various  sorts.   For  a  complete  account  of  the  general 
laboratory  type  of  test  the  reader  is  referred  to  V'hipple's 
Manual  (  112), 

Some  psychologists,  however,  saw  the  use  of  a  different 
type  of  mental  measurement.   Binet,  the  French  psychologist 
in  19C5  was  the  first  person  to  assemble  a  set  ox  battery of 
tests  designated  to  measure,  not  any  single  mental  function 
but  the  combined  intellecual  fimctions,  or  as  it  has  been 
termed,  "general  intelligence".   Binet  v*itji  his  collaborator 
Simon  first  used  his  scale  in  testing  the  backv/ara.  children 
in  the  Paris  schools.   It  was  revised  in  1908  and  again  in 
1911  and  in  the  form  of  this  last  revifeion  Binet  left  it  to 
posterity. 

Ab  was  naturally  to  be  expected  this  individual  type 
of  intelligence  test  interested  particularly  the  psychologists 
and  those  who  dealt  with  a-typical  children.   Consequently 
we  find  the  mer.bers  of  the  latter  group,  Huey,  Goddard  and 
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Kuhlmann,  first  revi&ing  and  adapting  the  scale  for  use  in  this 
country.   Later  Terman  (  10^  revised  and  extended  it  and  bo 
made  it  applicable  for  educational  purposee  in  general.   The 
6cale  because  of  its  simplicity  has,  perhaps,  had  too 
promiscuous,  if  not  too  general  use,  and  has  led  to  some 
unfortunate  consequences.   Town  (l08  )  points  out  this  danger 
and  quotes  Binet's  own  warnings,  "It  is  not,  in  s^ite  of 
appearances,  an  autorcatic  method,  comparable  to  a  scale 
which  when  one  stands  upon  it,  throws  out  a  ticket  on  which 
one's  weight  is  printed.   It  is  not  a  mechanical  method, 
and  we  predict  to  the  busy  physician  who  vcishes  to  appj.y  it 
in  hosjjitalB,  that  he  will  meet  with  disappointments,   TTie 
results  of  ur  examination  are  of  no  value  if  they  are  sep- 
arated from  all  comn.entary ,  an  interpretation  is  necessary. 
We  are  aware  that  in  stating  this  necessity  we  apparently 
open  the  door  to  the  arbitrary  and  deprive  cur  iiethod  of  all 
precision,  cut  this  is  only  apparent". 

Aside  from  the  vilue  of  the  tests  themselves  one  adaiticn- 
al  feature  was  heralded  as  being  of  great  value;  and  that  was 
the  method  of  calculating  the  results  in  terms  of  "mental 
ages".   This  very  value  of  marking  ty  age  levels  has,  how- 
ever, drawbacks  as  well  as  advantoges. 

Teiman  (106)  calls  attention  to  the  advance  of  a 
measure  which  c.ny  one  cm   understand,  for  every  one  has  a 
fairly  accurate  conception  of  what  is  meant  v.hen  one  says 
a  certain  person  has  the  intelligence  of  a  thirteen  year 
old  child. 
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The  dieadvtntage  of  the  syBten  is   the  interpretation 
which  is  put  upon  it.   Even  thoUj_h  an  adult  might  paee  only 
the  test  the  average  thirteen  year  old  child  can  paee, 
one  can  not  justly  conclude  therefrom  that  the  inaividual 
knows  only  what  a  thirteen  year  eld  child  knows  and  v.ould 
therecy  necesearily  behave  as  an  adolescent  of  thirteen. 

"Group  tests"  were  next  formulated  by  adapting  the 
material  of  the  Stanford  Revision  of  the  Binet  Scale  to 
groups  of  individuals  eo  far  as  it  was  possible,  and  ty 
adding  new  tests.   Otis  (82  )  gives  us  a  complete  account  of 
his  j^roup  tests. 

Helpful  as  the  group  tests  have  proved  to  be,  it  took 
the  war  to  bring  them  to  the  serious  consideration  of  ed- 
ucators and  others  who  supen'-ised  large  groups  of  people. 

The  revelation  that  the  niedical  staff  of  the  army  was 
finding  large  numbers  of  its  male  population  mentally,  as 
well  as  physicc-lly  unfit  for  service  lead  to  the  developing  of 
the  Army  Alpha  ana  Beta  Tests. 

In  view  of  the  fact  .hat  the  Army  tests  were  able,  after 
consuming  less  than  one  hour's  time  to  roughly  place  a  man 
in  a  ilasB  where  his  general  intellectual  ability  mij^ht 
u.oet  profitably  be  used,  whereas  it  formerly  took  the 
officers  of  the  training  camp  approximately  six  weeks  to 
secure  as  satisfactory  a  rating,  it  was  believed  the  army 
tests  retilly  did  test  something  besides  mere  learning. 
Statistically  expressed  the  correlation  between  army  teste 
and  officer's  ratings  in  twelve  companies  wae  0.536,  and 
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In  seven  of  the  twelve  from  0.64  to  0,  V5  (120) 

This  revelation  ha.d  iti  rather  sudden  and  spectacular 
effect  upon  the  schools.   Many  teachers  and. school  super- 
intendents became  much  concerned  about  tr.e  ment:.l  capacity 
of  their  charges  and  began  eagerly  and  earnestly  to  seek 
for  some  measure  of  intelligence  that  cculd  be  administered 
to  large  groups  of  children.   They  did  not  have  to  wait 
long  to  have  their  needs  supplied,  for,  forthwith  the 
various  group  tests  appeared,  the  Otis,  the  Thurstone, 
the  Miller,  the  Thorndike,  the  Anderson,  the  Brown,  the 
Pressey,  the  National,  the  Terman,  and  the  end  seems  not 
yet  reached. 

To  go  into  a  complete  reviev;  of  that  field  is  scarcely 
within  the  scope  of  this  paper.   However,  as  a  testimony 
of  the  adequacy  of  the  tests  as  mental  meausres  it  may  be 
well,  perhaps,  to  mention  the  results  of  a  few  of  the  many 
studies  in  which  correlations  hi.ve  been  calculated  between 
intelligence  t  ests  and  class  grades  or  certain  educational 
tests.   Jordon  (oS)  shows  that  the  Otis  Test  when  given  to 
high  school  pupils  correlates  with  all  subjects  combined 
0.450,  the  Army  test  0.476,  the  Miller  test  0.476,  the 
Terraan  0.493.   Geyer  (50)  found  a  correlation  of  0,58 
between  college  grades  and  Brown,  and  0.41  between  grades 
and  Thurstone,  Dickson  and  Norton  (39)  reported  a  correlation 
of  0,588  between  the  Otis  Scale  score  and  the  rating  in 
school  of  1013  pupils  graduating  from  the  elementary  schools 
of  Oakland,  California. 
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Many  similtr  studiee  are  to  be  found  in  the  literature 
with  coefficients  ranging  from  0.91  to  0.35,   Madsen  (68  ) 
believes  that  the  reason  his  correlations  axe  not  higher  is 
due  to  the  inacuracy  of  school  marks  and  the  shifting 
standard  of  marking.   In  discussing  the  relation  of  the  tests 
findings  and  the  standing  in  academic  scholarshiL,  Colvin 
and  McPhail  (31  )  report  that  at  Bro\iTi  University,  "Four 
times  cut  of  five  the  scholastic  honors  av/arded  in  college 
go  to  "high"  m.en  ("high"  and  "low"  refer  to  ranks  on  the 
Psychological  tests).   The  rest,  of  the  chances  belong  to  the 
"medium"  men  since  the  "lo.  "  men  is  prc.cticelly  out  of  the 
running.   He  mi^y  have  about  one  chance  in  a  hvindred  of 
getting  one  honor  but  almost  without  exception  those  who 
get  more  than  one  honor  are  "high"  men. 

For  pupils  belfow  senior  high  school  grade  a  number  of 
educational  tests  have  been  devised  and  standardized,  and 
the  results  of  such  tests  when  administered  under  optimal 
conditions  are  m.uch  more  reliable  than  teacher's  estim-ates 
as  8hov;n  :.y  school  marks.   An  extensive  study  in  which  the 
various  achievement  scores  are  correlated  with  several  intel- 
ligence scores  is  that  of  Gates  (  46),   From  Grades  III  to 
VIII  achievement  tests  were  given  in  comprehension  in  readijig. 
rate  of  reading,  arithmetic,  spelling,  writing,  and  a  com- 
posite of  general  achievement  calculated.   The  intelligence 
measures  used  in  grtdes  I  to  VI  inclusive  were  the  Stanford 
Revision  oj"  the  Einet  scale.   Dearborn,  Haggerty,  Holley, 
Meyers,  National,  Otis,  Presiey,  Teni.an  Group  and  Thorndike, 
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McCall  Re'-ding  Test,  the  suitable  forms  adapted  to  the 
various  grades.   For  grades  IV  to  VIII  inclusive,  the  cor- 
relation with  the  coitposite  achievement  with  the  National 
Form  A,  is  0.53,  with  Form  B,  0.66,  with  a  combination  of 
Forms  A  and  B,  0.63,  with  the  Otis  advances  test  0.63;  and 
these  two  tests.  National  and  Otis  gave  higher  correlations 
than  any  of  the  other  ten  tests  used. 

This  is  not  intended  to  be  an  exhaustive  study  of  the 
correlation  of  intelligence  tests  scores  and  school  marks 
or  other  measures  of  scholastic  attainment,  but  it  does 
seek  to  point  out  that  there  have  been  metrical  studies 
made  of  the  relation  of  scholastic  attainment  and  the  re- 
sults cf  the  so-called  intelligence  tests.   And  as  a  conse- 
quence they  niciy  be  regarded  as  measures  of  mental  develop- 
ment, at  least  tentatively.   That  the  correlations  are  not 
higher  it  is  probably  not  entirely  the  fault  of  the  tests. 
It  is  obvious  that  faulty  methods  of  school  grading  and 
the  inadequate  system  of  uniformity  in  school  marks  should 
be  considered  causative  factors  in  accoojiting  for  the  dis- 
crepancy. 

When  we  cease  to  keep  bright  children  below  the  level 
of  their  ability  in  school  and  refrain  from  pushing  the  dull 
child  above  grade  for  any  number  of  varied  reasons,  and  also 
when  we  have  sufficient  consecutive  and  scientific  records 
of  individual  mental  growth,  which  will  aid  in  the  proper 
placing  in  the  grade  and  in  the  suitable  advancement  of  chil- 
dren we  will  probably  find  higher  correlations  between  scores 
on  intelligence  tests  and  scholastic  achievement. 
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Standards  of  Physical  Growth 

Standards  for  estimating  physical  ^rowth  have  long  been 
in  use,  and  have  interested  many  classes  of  people  from  the 
artist,  who  looked  only  for  physical  perfection,  to  the      t 
small  boy  who  simrly  wants  to  know  how  big  he  is. 

The  scope  of  the  contributions  in  the  field  of  physical 
growth  has  been  international.   They  date  from  the  work  of 
Quetelet,  who  in  183C  published  the  results  of  his  first 
invest Igaticn  on  Bel£ian  children.   It  is  particularly  in- 
teresting in  the  light  of  present  day  methods  to  get  a  glimpse 
of  Quetelet's  tecnique.   He  says,  "I  contented  myself  with 
measuring  carefully  ten  individuals  of  each  age,  of  the  male 
as  well  as  of  the  female  sex,  but  choosing  them  in  general 
of  a  form  which  could  be  regarded  as  regular.   The  averages 
of  the  different  groups  gave  me  the  condition  of  develop- 
ment of  man  from  year  to  year".   The  fact  that  he  chose  "re- 
gular fore:"  shovi'S  the  influence  of  the  artistic  procedure. 
Whether  the  subjects  were  actually  of  "regular  form."  is  a 
matter  cf  conjecture.   Bowditch  (£4)  thought  it  might  well 
have  led  him  to  a  rejection  of  perfectly  healthy  and  normal 
individuals,  whose  dimensions  did  not  correspond  to  a  pre- 
conceived idea  of  the  typical  m.on  or  woman.   Quetelet, 
curiously  enough,  failed  to  discover  the  fact  that  girls 
are  heavier  and  taller  than  boys  during  the  early  adoles- 
cent period,  a  fact  which  h&s  been  universally  verified 
by  all  investigators  since  his  time. 

The  work  of  other  European  investigators  is  adequately 
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discussed  by  Bla-dwin  (  7  ),  but  is  not  of  eerecial  interest 
to  us  in  connection  v.ith  this  work. 

In  this  country  the  first  work  in  this  field  was  that 
of  Bcwditch  (  24  ) ,  Professor  of  Psychology  in  the  Harvard 
Medical  School,  entitled,  "The  grovfth  0:  Children",  and 
published  in  1877.   Bowditch  made  measurements  on  24,500 
children  of  the  following  parentage:   both  Americans,  both 
Irish,  one  American  and  one  Irish,  both  German,  both  or  one 
English,  and  tabulated  his  findings.- 

The  ;:ost  comprehensive  studies  made  in  America  since 
then  have  been  made   y  Peckham  0.881)  in  Milwaukee,  Barnes 
C.89£)  on  Oakland,  California,  children.  Porter  t8S3)  on 
St.  Louis  children.  Boas  IJ.896)  who  reports  the  growth  of 
Toronto  children.  West  U.896)  in  Worcester,  MaEsachussetts, 
Smedley  (J.900)  in  Chicago,  i-nd  Wood  on  3,000  New  York 
children.   All  of  themi  used  the  group  method.   More  recently 
Porter  and  Baldwin  have  pursued  the  individual  method  in 
the  measurement  of  large  groups.   The  most  extensive  inves- 
tigation on  tne  feeble-minded  is  that  of  Goddard  ( 49  ) ,  who 
covered  over  10,000  cases. 

In  all  of  the  literature  comparatively  little  data 
appears  on  children  from  birth  to  six  years,  for  the  re&son, 
of  course,  that  large  grcups  of  children  are  not  available 
for  measurement  before  their  entrance  into  school.   Like- 
wise there  is  little  available  data  on  growth  after  1?  or  18 
years  of  age  for  the  reason  that  the  majority  of  that  age  are 
no  longer  in  school.   Life  Insurance  comvranies  have  been 
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able  to  supply  some  norms  for  the  mature  agee ,  although,  those 
norms  represent  a  more  or  lesfc  select  group. 

Among  the  facts  which  the  measurements  have  yielded,  the 
most  important  on  growth  have  been  Buijmed  up  by  Burk  (  £6)  as 
follows:   "Until  10  to  12  years  there  is  no  material  diffa:  - 
ence  between  the  heights  of  the  sexes.   But  during  these 
two  years,  varying  with  localities,  the  girls  begin  to  grow 
faster  than  the  boys,  and  for  the  two  or  three  years  follow- 
ing are  actually  taller.   During  the  fourteenth  and  fifteenth 
years  thie  rate  slackens  materially,  and  although  girls 
grow  slowly  for  two  or  three  years  longer  they  have  prac- 
tically completed  their  growth  in  height,  generally  at  the 
age  CI  15.   The  rate  of  accelerated  growth  in  height  in  the 
case  of  boys  begins  during  the  period  of  12  to  14  as  a  rule. 
Boys  are  slower  in  reaching  their  rcaximum  rate  and  therefore 
grow  rapidly  a  longer  time.   They  overtake  girls  In  the 
15th  year,  and  by  the  end  of  the  16th  year  or  later  ±Leir 
period  of  accelerated  growth  is  over". 

McDonald  (  ?4  )  says,  "For  certain  length  of  time 
before  ana  after  puberty  girls  are  taller  and  heavier  than 
boys,  but  at  no  other  time. 

As  to  weight,  Burk  (  25)  says,  "The  development  by 
weight  seems  to  follow  the  law  of  development  in  height. 
Up  to  the  period  of  pubertal  growth  there  is  no  material 
difference  in  the  absolute  average  weight  of  the  two  sexes. 
There  seer.,  to  be  one  cr  two  fluctuations  of  weights,  periods 
of  activity  .  nd  of  rest,  apparently  between  6  years  and  the 
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pubertal  accelercLtion.   The  accelerdticn  period  in  boys 
begins  from  11  to  13  years,  ^.nd  ends  usucilly  with  the  16th, 
the  years  of  maximur..  increase  being  14,  15,  15.   In  the  case 
cf  girls,  the  beginning  is  a  year  or  two  earlier  than  in 
boys  and  is  ended  usually  in  the  14th  or  15th  year". 

King  (63  )  states  that  he  finds  the  difference  between 
the  mass  curve  and  the  individual  curve  worthy  of  study.   The 
important  fact  brought  out  by  such  a  comparison  is  the  som^e- 
what  wide  difference  among  individuals  in  the  time  of  their 
coming  to  the  pubertal  change.   Some  boys  may  mature  as  early 
as  13,  others  at  14,  and  som.e  as  late  as  16.   With  girls  it 
may  be  from.  1  1/2  to  2  years  earlier, 

Smedley  (103)  says,  "An  e^.amination  of  percentiles  will 
reveal  a  tendency  -o  extreme  range  of  measurement  in  the 
outer  percentiles  in  the  pub; seer t  yeirs". 

One  sees  that  the  interest  :f  the  majority  of  the  in- 
vestigations, and  especially  the  earlier  ones  centers  upon 
the  question  cf  pubertal  growth,   Desciibing  this  period 
'  All  (55  )  says,  "The  possibility  of  variation  in  the  soul 
is  new  at  its  height.   It  is  the  age  of  ir.ore  rapid  variation. 
Individual  differences  of  all  kinds  are  now  suddenly  augmented. 
The  range  of  individual  differences  and  average  error  in  all 
measurerr.ents  tind  psychic  tests  increases". 

Henmon  and  Livingston  (56  )  in  a  study  of  CoL._carative 
Variability  at  Different  Ages,  published  January  1922, 
discuss  the  adolescent  theory  .  nd  st.y  that  in  srite  of  the 
importance  of  the  theory,  no  one  appears  t:  have  taken  the 
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trouble  to  present  the  evidence  for  it,  rr.uch  less  question  its 
correctness.   Their  study  represents  "on  excu/.ination  of  the 
coitparative  variabilities  as  revealed  in  son.e  of  the  iroBt  re- 
presentative studies  of  rental  and  physical  development".   They 
compute  from  the  data  of  Bur.v,  Baldwin  and  Gilbert  the  compar- 
ative variabilities  in  height,  weight  and  lung  capacity  and 
found  that  the  general  theory  held  good  with  weight  and  height, 
but  lung  capacity  showed  no  evidence  of  greater  variability 
at  adolescence. 

In  line  with  the  question  of  variability  is  the  study 
of  Robertson  (34)  made  in  1916.   Robertson  shows  he  rel- 
ative variability  of  weight  and  stature  of  the  school  child 
and  the  influence  of  environment  upon  the  variabilities  of 
these  dimensions.   He  says  in  his  sumK.ary: 

1.   "The  rate  of  growth  in  the  weight  of  school  children  of 
both  sexes  increases  from  the  7th  to  the  15th  year  and  varia- 
bility in  weight  undergoes  a  parallel  increase  during  this 
period.   There  is  a  decided  tendency  for  maxima  of  variabi- 
lity to  coincide  with  ma^ciaa  of  yearly  increment  in  weight. 
3,   The  stature  of  the  school  child  during  this  period  in- 
creases at  almost  uniform  rate  and  the  variability  of  stature 
is  corresponlingly  uniform. 

3,   The  varia":  ility  of  stature  is  much  less  than  the  varia- 
bility of  weight,  from  which  we  may  Infer  that  as  a  cri- 
terion of  abnormality  the  measure  of  stature  is  core  re- 
liable than  that  of  weight,  while  as  u   sensitive  inli- 
cator  of  the  effects  of  the  environi„entul,  physiological 
and  di-etetic  fluctuations,  provided  statistical  n.ethod8  of 
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investigation  are  employed,  the  measure  of  weight  is  to  be 
preferred  to  that  of  stature. " 

There  seems  then  to  be  a  pretty  generai  a-^reement  that  it  is 
useful  to  divide  the  period  of  growth  into  three  periods,  a 
period  from  birth  to  puberty,  a  period  during  the  progress  of 
the  pubertal  changes,  and  a  period  after  these  changes. 

The  point  at  which  growth  matures  and  ceases  is  one 
which  investigators  have  so  f^r,  been  unable  to  detersine 
definitely.   The  report  of  the  committee  of  anthroploloy 
places  maturity  in  height  of  women  at  30,  of  men  at  23;  others 
report  a  much  ixtended  length  of  time,  Baxter  even  extending 
it  to  35  years  in  ir.en. 

Another  measurement  of  growth,  about  which  more  has 
been  heard  recently  is  that  which  has  been  called  at  differ- 
ent times  by  the  various  names  of  sitting-  height,,  stem 
len^:th  and  trunk  length.   Much  of  the  literature  on  the 
subject  regards  the  terms  as  equivalents. 

Gray  (  51  )  states  this  conception  of  body  length 
appeared  over  a  century  ago  when  Cuvier  in  1800  took  the 
length  in  a  straight  line  from  the  vertex  or  snout  of 
animals  to  the  anus.   It  is  somewhat  surprising  to  find  it 
has  been  used  by  meny  inve-.Ttigators  since  his  time.   On  this 
point  reference  to  specific  authors  is  given  by  Gray. 

It  is  unfortunate  that  "trunk  length"  has  had  different 
interpretations,  :or  according  to  Gray  (  51)f.eckle  (182^ 
in  1823  defined  "trunk  length"  as  the  bony  skeleton  without 
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the  appendages,  that  is  minus  not  only  the  legs  but  minus 
the  head  and  neok  yielding  only  the  "centred  portion"  of 
the  body.   The  sa-ie  interpretation  has  been  put  on  it  by 
Kenning,  1881,  Godin  1903,  Dwight  1908,  Piersal  1919, 
While  today,  Dreyer,  on  the  other  hand  means  by  trunk 
length  the  distance  bet»veen  the  ischial  tuberosities  and  the 
top  of  the  head,  obtained  by  a  certain  position  for  which  he 
gives  directions. 

The  reasons  for  takin^i  as  ohe  body  length  the  "trunk 
length"  of  Dreyer;  the  stem  length  as  Gray  prefers  to  call  it, 
rather  than  the  stature,  o^^y  sums  up  c.s  follows: 
1,   It  is  a  measurenent  pernutting  comparison  between  man  and 
other  species, 

3.   The  stature  is  an  "impure  measure"  because  of  the  unkno?m 
amount  of  compression  of  the  in  ervertebral  disks  (also  em- 
phasized by  on  Pirquet,  1916),  of  the  unknown  degree  of  the 
vascular  and  tissue  turgor,  or  of  the  varying  fat  layer  in 
the  seal  p  and  soles,  of  the  variations  in  the  angle  of  the 
trocherauteric  neck,  of  the  varying  curves  of  the  spinal  col- 
umn (also  ren.arlied  tyVon  Pirquet  1913)  and  of  unrecognized 
or  unmeasurable  pathological  (rachitic,  ma.lacial)  short- 
enings of  the  leg  bones, 

3,  It  is  easier  to  measure  than  the  old  "stam:rlange"   to 
the  first  coccygeal  vertebra. 

4.  I  would  ada  to  these  reasons,  the  frequent  clinical 
procedure  of i allowing  for  the  height  of  heels,  v.hich  vary 

in  thichness  .T.ore  tn:.n  the  clothing  on  which  the  su.  ject  sits. 
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West  in  1896  said,  "Comparing  sitting  height  to  total 
stature,  we  find  that,  until  about  12  years  in  the  case  of 
girls  and  about  15  in  the  case  of  boys,  ti.e  total  stature 
increases  more  racidly  than  the  sitting  height,  but  after 
those  ages  the  sitting  height  increases  more  rapidly.   This 
means  that  the  greater  part  of  the  growth  is  accomplished 
in  the  lower  limbs  until  those  ages,  v.hile  after  those  ages 
the  greater  growth  is  in  the  trunk, 

"We  find  further  that  throughout  the  whole  period  of 
growth,  the  trunk  groves  more  rapidly  in  proportion  to  the 
stature  among  girls  than  among  boys.   At  all  times  the 
head  and  trunk  make  up  more  than  50fo   of  the  stature. 
Among  boys  this  varies  between  51. 75fc  and  55.3^,  air.ong 
girls  between  5£.  5^  and  55.  5^^,  but  after  11  years  of  age 
the  percentage  of  girls  is  not  less  than  52,5^  rising  at 
IS  to  53.5%,  while  boys  are  at  least  one  percent  lov.'er". 

In  agreement  with  Dr.  We^t,  Hrdlicka  (  51  )  1919,  wrote 
"In  children  of  en-all  age  the  proportion  of  the  length  of 
the  lower  limbs  to  the  total  height  of  the  body  is  com- 
paratively small  and  increases  with  considerable  regularity 
during  the  years  up  to  and  possibly  even  beyond  the  age  of 
puberty.   This  means  that  as  a  child  advances  In  life  its 
limbs  are  grovi^in^  in  proportion  somev/hat  more  rapidly  than 
its  body",  again,  "when  I  compare  :..y  sitting  height  indices 
obtained  by  Dr.  West,  it  appears  that  the  indices  with  those  of 
West's  children  were  at  all  ages  somewhat  smaller  or  that 
the  iower  estremities  in  these  children  were  at  all  ages 
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somewhat  longer  than  they  t.re  in  our  children  inthe  asylurr.. 
These  figures  make  ir.e  think  that  it  is  possible  that  it  is  in 
the  lower  extremities  where  lies  the  principal  defect  in  the 
growth  of  badly  nourished  children,  but  I  can  say  nothing 
positive  on  this  point", 

Dreyer  (42  )  seems  to  think  the  worri  of  the  earlier 
investigators,  who  considered  stature  or.ly  as  of  importance 
as  a  measure  of  growth,  may  be  easily  disposed  of.   He 
briefly  states,  "Investigators  who  have  been  co'.cerned  with 
the  study  and  estimation  of  the  physical  development  of  the 
population  of  this  and  other  countries  must  undoubtedly 
have  felt  how  unsatisfactory  the  results  obtained  by  the 
use  of  existing  tables  dealing  with  height  and  weight  of 
the  body  have  proved, . 

"Extensive  statistics  have  been  gathered,  but  the 
information  derived  therefrom  has  often  been  contradictory, 
especially  when  applied  to  collections  of  individuals 
varying  widely  in  age  and  bodily  development.   Most  of  the 
existing  tables  dealing  with  the  size  fo  the  normal  hximan 
body  are  based  on  the  theory  that  definite  relations 
between  age,  height  and  weight  exist.   It  has,  however, 
been  satisfactorily  proven  that  such  relationships  do  not 
exist  when  individuals  varying  widely  in  size  are  exconined. 
On  the  other  hand  it  has  been  possible  to  show  that  definite 
relationships  betwe.n  the  weight  of  the  body,  the  length  of 
the  trunk  an  I  the  circumference  of  the  chest  do  exist,  as 
well  as  t  0  demonstrate  the  unif  orr.ity  of  their  relationship 
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to  the  vital  capacity  of  the  lungs".   Then  he  gives  the 
formulae  from  which  the  tables  are  calculated. 

He  tells  US  that  the  Tables  are  intended  to  be  used 
for  the  following  purposes: - 

1,   The  determination  of  what  are  the  normal  proportions 
between  the  weight,  the  trunk  length  and  the  circuir.ference 
of  the  chest, 

S,   To  gain  evidence  as  to  underfeeding  or  malnutrition 
during  different  stages  of  adolescence  or  adult  life,  as 
well  as  in  various  classes  and  occupations  of  the  popu- 
lation. 

3.  For  the  study  of  the  different  aspects  of  physical 
fitness  as  measured  by  vital  capacity  in  its  relation  to 
weight,  trunk  length  and  the  circumference  of  the  chest; 
for  the  comparison  of  adolescents  with  aaults;  and  of  males 
with  females;  for  the  ccmparison  of  different  trades, 
occupations  tnd  classes  one  with  tnother,  referring  all 

to  a  definite  common  stemdard, 

4.  The  application  of  these  various  measurements  to  patients 
with  organic  disease,  e.g.  ,  pulmonary  tuberculosis;  as  well 
as  to  cersons  with  functional  disorders,  e.g.,  industrial 
fatigue,  the  ftitigue  of  aviators,  and  so  on. 

As  to  his  own  data  Dreyer  says,  "The  data  forming  the 
basis  for  the  calculation  of  the  present  tables  in  the  case 
of  normal,  healthy  men  and  women  are  derived  from  the 
analysis  of  a  nun.ber  of  observations  sufficient  to  ensure  a 
degree  of  accuracy  that  should  prove  entirely  satisfactory". 


J. 


52 

and  he  thinks  that  any  changes  which  the  tables  might  have 
to  undergo  as  a  result  of  further  accumulation  of  data 
would  be  so  small  that  the  validity  of  the  tables  would 
not  be  impaired.   He  further  says,  "IIo  data  regarding  the 
height  standing  are  given.   It  will  also  be  seen  that  no 
reference  to  the  age  of  the  individual  is  made,  because, 
for  the  range  of  indices  given,  it  has  been  found  that  the 
question  of  age  is  of  little  or  no  importance  up  to  an  age 
of  about  50  years". 

It  is  unfortunate  that  Dreysr  did  not  state  more 
specif iCc.lLy  the  niimber  of  cases  used  in  compiling  his 
tables.   He  reports  measurements  on  20  individuals  in  the 
section  of  his  book  devoted  to  "Examples",  8  females 
ran^-ing  in  age  from  9  to  21  years  and  12  males  from  8  to 
15  years  of  age.   While  in  the  forepart  of  the  book  he  gives 
one  illustrative  measurement  of  a  femsie  of  IC  years,  and 
another  of  a  male  27  years  of  age. 

In  addition  to  the  study  of  rate  of  growth  and  the 
resulting  calculation  of  the  various  height  and  weight  norms, 
these  investigators  also  considerd  the  factors  that  influence 
growth.   Amo  ig  the  most  important  which  are  listed  are 
nationality,  environment,  social  status,  climatic  or  season- 
al changes  and  food, 

Bowditch  (  24  )  and  West  (llO  )  early  found  that  American 
children  were  better  developed  than  European,  and  further- 
more, that  children  born  in  this  country  of  Irish,  English 
or  German  parentage  while  not  so  l:-rge  as  Arorican  children 
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yet  ar  '  taller  than  the  children  of  those  nationalities 
born  in  their  native  lands.   Bowditch,  in  searching  for  the 
causes  for  the  superiority  of  stature  of Americans,  and  those 
growing  up  in  America,  in  some  cases  not  even  being  born 
here,  thought  it  would  not  be  reasonable  to  attribute  it  to 
the  greater  average  comfort  of  the  inhabitants. 

Since  our  American  population  is  so  cosmopolitan  it  is 
important  that  the  proper  growth  standards  should  be  used, 
80  it  is  obvious  that  for  American  children,  norms  based  on 
American  data  must  be  the  ones  employed. 

As  to  the  effect  of  the  social  status,  Burk's  review 
states  that  as  early  as  1829  Villerme  concluded  that  stature 
is  greater  and  g rowth  sooner  completed,  all  other  things 
being  equal,  in  proportion  as  the  coxintry  is  richer  and  the 
comforts  of  the  inhabitants  more  general,   Quetelet  voiced 
the  saiiie  opinion.   Donaldson  from  the  data  in  Robert's 
Anthropometry  thinks  ohat  the  environment  has  more  influ- 
ence on  males  than  upon  females.   Key  says  after  comparing 
the  curves  of  development  in  America,  England  and  Sv;eden 
that,  "The  weak  period  of  development  before  puberty  is 
lengthened  for  the  poorer  children  to  their  cost".   Thus 
there  seems  to  be  great  overlapping  of  environment  and 
social  status,  for  naturally  the  two  are  closely  related. 

Boas   (  17  )  wrote  in  1912,  "A  study  of  the  phenomena 
of  growth  of  various  groups  of  the  same  population  has  shown 
that  early  development  is  a  concomitant  of  economic  well-being 
and  that  a  characteristic  of  the  poor  is   he  general  retard- 
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at  ion  in  early  childhood  and  the  later  rapid  growth.   It 
would  follow  from  this  tha-t  there  is  a  corresponding  although 
not  equal  retardation  in  early  mental  development  and  a 
crowding  o:  developnental  processes  later  on,  that  probably 
place  a  considerable  burden  on  the  body  and  mind  of  the 
poor,  which  the  well  fed  and  cared  for  do  not  bear.   The 
general  laws  of  growth  show  also  that  a  retardation  kept  up 
for  an  unduly  long  period  can  not  be  made  up  in  the  short 
period  of  r&pid  growth  and  development  of  the  individual", 
Robertson  (  S4  )  reports  in  1916,  "Among  children  of 

8  years  of  age  it  is  found  that  increasing  unfavorability  of 
environment  ^nd  iack  of  medical  care  results  in  a  parallel 
increase  in  deficiency  of  weight  and  stature,  accompanied 

by.  a  decrease  in  the  vSiriability  .of  weight  and  an  increase 
in  the  variability  of  stature". 

Seasonal  growth  was  studied  by  Mai ling -Han sen  (  69  ) , 
who  measured  the  height  of  70  boys  daily  for  2  years  and 
their  weight  for  3  years.   He  said  that  the  weight  of  a 

9  to  15  year  old  boy  has  three  periods  of  grDwth  during 
the  year.   The  maximal  period  from  August  to  the  middle  of 
Decenber,  the  middle  from  December  to  the  end  of  April, 
and  the  minimum  from  the  end  of  April  to  the  end  of  July. 
During  the  maximal  period  the  rate  of  increase  in  weight  is 
three  times  as  great  as  in  the  middle  period  and  aln.ost 
the  whole  weight  gained  in  the  n:iddle  ceriod  was  lost  in 
the  n.inimum.   The  growth  in  height  was  almost  reversed, 
for  the  maximal  growth  period  extender  from  the  ..end  of 
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March  to  August,  the  minimum  from  AUgust  to  the  middle  of 
November  and  the  middle  from  the  end  of  November  to  the 
end  of  March, 

Porter  (  85)  reported  the  results  of  his  study  i>n 
"The  Seasonal  Variation  in  .he  Growth  of  Boston  School 
Children  in  1920",  a  report  on  1,;.26  boys  weighed  in  monthly 
intervals  for  10  years.   His  results  indicate  the  greatest 
gain  during  the  period  June  to  December,  is  about  three 
times  as  great  as  the  gain  during  the  balance  of  the  year 
which  includes  the  late  winter  and  spring  months. 

Holt  (  58  )  also  studied  the  seasonal  growth.   His 
observations  on  1243  boys  of  10  to  16  years  of  age  show 
they  increase  in  weight  1  1/2  pounds  more  in  the  six  months 
from  May  to  November  than  from  November  to  Mgr,  and  that  the 
gain  in  height  was  0.38  more  during  May  to  Novecber.   The 
reason  for  more  rapid  growth  during  the  summer  months  is 
because  this  period  is  spent  chiefly  in  outdoor  life,  and 
greater  freedom  from  illness,  Holt  believes. 

The  same  seasoni.1  fluctuations  as  those  of  Porter's 
findings  are  confirmed  by  the  New  York  Association  for 
Improving  the  Condition  of  the  Poor  (81  ),   They  report 
the  greatest  gains  are  made  during  August,  September, 
October,  and  Noveii-ber,  stating  that  during  these  four  months 
the  boys  make  55. 3fo  and  the  girls  59.S<c   of  the  total  gains 
made  during  the  year. 

Pedersen  ( 84  )  in  1922  after  a  series  of  weight  measure- 
ments of  children  who  attended  the  municipal  schools  of 
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Copenhagen,  reported  results  which  do  not  bear  out  these 
^,  '  "-"'  conclusions  as  to  seasonal  growth.    He  observes 
that  the  summer  vacation  sojourn  has  certainly  in  rr.ose  cases 
i-nfluenced  the  weight  of  the  children.   However,  it  seems 
to  hiir.  to  be  the  local  conditions,  and  not  the  time  of 
year,  which  affect  the  weight  of  the  children.   McCollum 
would  agree  with  Pedersen.   He  claiiis  there  is  no  such  thing 
as  seasonal  variation,  but  that  the  variation  in  weight 
depends  on  what  the  children  are  doing. 

Even  in  this  empirical  field  of  investigation  the  survey 
reveals  the  disagreement  among  the  workers  as  to  standards  of 
measurement;  some  believing  the  full  stature  should  be  con- 
sidered the  unit  of  measure,  others,  that  the  trunk  length 
more  nearly  reveals  the  stage  of  maturity.   There  is  rather 
general  agreement  as  to  the  years  of  greater  growth,  but  not 
as  to  the  seasons. 
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C.   Physicd.1  Growth  as  an  Index  of  Nutrition 

During  the  war  attention  was  frequently  directei  tc  the 
xindernourlshed  child  in  j'urope.  Then  investigations  of 
American  children  began  and  resulted  in  the  discovery  of  mal- 
nourished children  in  our  schools,  in  cur  slums,  in  our  poor 
homes,  in  cur  rich  homes,  in  our  cities  .una  towns  and  in  the 
rurt^l  districts. 

Emerson  (  43)  estimates  that  at  least  one  third  of  all 
the  children  in  this  country  are  underweight  for  their  height 
according  to  the  standards  he  adopted,  and  he  designates 
these  undernourished  children  as  "undernourished"  or 
"malnourished".   He  clv'.mB  that  this  condition  obtains  not 
only  with  children,  but  with  adults  as  well,  since  approx- 
imately the  same  proportion  of  recruits  was  found  unfit  for 
military  service  in  the  late  war  because  of  con.itions, 
largely  due,  according  to  Emerson,  directly  or  indirectly 
to  "malnutrition*.   This  condition  Emerson  clain^,  was  not 
generally  known  to  be  a  serious  matter  un^il  the  World  War 
focused  our  attention  upon  physical  unfitness. 

The  vast  amount  of  literature  dealing  with  this  subject 
within  the  p^st  few  years,  reveals  the  extent  to  which  the 
medical  profession  are  interesting  themselves  m  this  vital 
question,  and  who  with  the  help  of  the  scientists  and  social 
workers  are  doing  a  great  deal  of  work  in  t  he  attempt  to 
correct  the  "maliutrition"  o ""  children  botn  in  the  school 
room  and  in  the  clinics. 
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One  may  ask  then  what  constitutes  this  condition  called 
"ir.alnutrition"  ?  It  has  been  defined  as  a  low  condition 
of  health  and  body  substance,  measurable  not  only  by  weight, 
height,  and  robustness,  but  by  n:any  other  signs  and  symptoms. 
What  the  many  other  signs  and  symptoms  are  naturalljr  interests 
one.   Clinically  it  is  the  color  of  the  mucous  membrane, 
the  general  tonus  of  the  musculature  or  the  presence  or 
absence  of  subcuta. eous  fat,  that  the  physician  looks  for  in 
addition  to  the  physical  measurements  of  height  and  weight, 

Cornell  (  33  )  in,  "Health  and  Medical  Inspection  of  the 
School  Child"  states  that  good  nutrition  shades  insensibly 
into  fair  nutrition  and  fair  nutrition  into  poor,  and  that 
therefore  the  personal  equation  figures  in  every  examiner's 
results,  so  that  if  he  is  compelled  to  group  all  his  cases 
into  good  and  poor  his  results  may  be  at  striking  variance 
with  those  of  others  examining  the  same  children.   This,  he 
believes  is  the  explanation  of  the  discrepc^ncy  found  between 
the  reports  of  medical  inspectors  and  experienced  social 
workers  on  the  one  hand,  and  special  inspectors  without 
experience  on  the  other,  the  former  having  become  accustomed 
to  slum  conditions  are  attracted  only  by  the  worst  cases, 
the  others  going  unnoticed,  while  the  latter  are  impressed 
at  any  evidence  of  deviation  and  so  class  those  of  a  low 
general  standard  as  below  standard,  basing  their  judgement 
on  comparisons  with  well  fed  American  children. 

What  objective  and  practical  means  are  then  available 
for  determining  the  nutritional  status  of  a  child?  Dr.  Holt 
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(59  )  indicates  three  standards  of  nutrition  which  are 
"susceptible  of  application"  to  large  groups  of  children. 
The  fir--t  one  is  the  weight-to-height  relationship,  the  se- 
cond, the  annual  rate  of  increase  in  weight  and  growth  in 
height,  and  third,  the  general  appearance  of  the  child. 

It  is  the  first  of  these  standards  which  is  in  most 
general  use  at  the  present  time  by  the  physicians  who  are 
examining  or  directing  the  examination  of  large  groups  of 
children.   Benedict  and  Talbot  (  9  )  point  out  that  the 
cofr.parison  of  height  to  weight  has  long  been  accepted  as  a 
comparatively  gooa  index  of  the  state  of  nutrition  of  adults. 
And,  tLoreover,  that  "with  adults,  no  one  would  thing  of 
considering  the  relationship  between  weight  and  age  orr 
height  and  age  as  of  any  particular  significanee,  but  sin- 
gularly with  children  these  tv.'O  ratios,  particularly  weight 
to  age  have  lon^  held  attention  of  the  physiologists  to  the 
exclusion  of  almost  every  other  method  of  eomparlson". 

The  chief  objection  bo  the  weight-age  standard,  as  has 

been  indicated  by  practically  all  of  the  workders   in  the 

nutritional  field,  is  chat  this  relationship  does  not  take 

into  account  the  very  important  factor  of  skeletal  growth. 

Another  objection  is  that  there  is  great  variation  in  weight 

for  any  given  age.   In  regard  to  this  Holt  says,  "The  weight 

to  age  variations  are  so  wide  e.s  to  make  the  relationship  of 

1 
very  little  value  when  taken  alone.   The  normal  variation  in 


1.   Holt  uses  normal  variation  to  discribe  the  range  of 
weights  found  for  jciealthy  children  at  given  ages. 
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the  weight  of  healthy  children  of  the  sairie  race  is  from  10 
to  15  coundB  between  the  sixt^}  and  tenth  year,  while  froE 
the  tenth  to  sixteenth  year  the  range  is  from  20  to  40 
pounds.   In  a  private  school  in  New  York  for  boys  who  come 
from  the  wealthiest  homes  the  weight  range  from  'ohe  12th 
to  16th  year  was  from  40  to  50  pounds,  all  weights  being 
taken  without  clothes  and  by  the  same  physician. 

Such  evidence  shows  the  inadequacy  of  such  a  standard 
for  determining  the  status  of  an  inai^vidual.   By  far  the 
greatest  number  of  observations  that  have  been  published  on 
weight  have,  however,  considered  weioht  in  relation  to  age. 
All  of  the  earlier  studies,  such  as  those  of  Boditch,  Porter, 
West,  Boas,  Peckhair. ,  Barnes,  MacDonald,  Smedley,  and  Baldwin, 
followed  this  procedure. 

The  height-age  relation  as  a  nutritional  standard  is 
likewise  unsatisf<iCtory  for  the  reason  that  it  too  shows 
variation.   Holt  (  58)  believes  they  are  still  less  sig- 
nificant, because  height  is  more  influenced  ty  race  and  fam- 
ily inheritance  than  v;eight  is,   Moreover,  height,  as  Retan 
(SO  )  says  is  only  a  measure  of  the  development  of  stature; 
age  measures  O'.ly  the  time  of  growth,  and  their  relationship 
would  measure  the  rate  of  development  in  stature,  v;hich  has 
nothing  to  do  with  nutrition. 

From  the  tin.e  of  the  earliest  down  to  th-t  of  the  most 
recent  workers  in  this  field  it  has  been  o'rservyd  that  the 
impulse  to  grow  in  the  young  is  so  great  that  even  when  food 
is  insufficient  children  continue  to  increase  in  height  at 
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the  expense  of  the  general  welfare  of  the  Vody,  often  be- 
coming listless  ijust  because  all  of  their  energy  hi.  e  been 
consumed  in  growth  and  they  have  none  in  reserve  to  be  expend- 
ed in  exercise.   As  aguide  then  to  nutriti:yn  height-age  norms 
would  be  unreliable. 

Emerson  (  43  ) ,  1^22.  tells  us  that  after  long  experimen- 
tation with  unsatisfactory  standards  such  as  the  weight  for 
age  and  the  height  for  age,  the  basis  of  weight  for  standing 
height  has  proved  to  .  e  an  accurate  rreasure  cf  the  conditions 
of  undernourished  children,  and  that  in  the  meiny  thousand 
cases  that  have  come  under  his  observation  he  has  never 
found  an  instance  in  which  it  has  proved  to  be  imprtctica- 
ble.   He  says,  "It  may  be  stated  as  a  physiological  principle 
that  a  body  of  a  certain  height  requires  a  certain  weight  to 
sustain  it  and  the  most  significant  test  of  a  child's  physical 
condition  is  the  relation  between  weijiht  and  height".   This 
is  apparently  a  matter  of  clinical  .judgment  only,  end  is  not 
based  on  any  tctual  statistical  comparison  of  measurements 
of  height -weight  with  measurements  of  physiological  effici- 
ency or  objectively  determinable  grades  of  health.   It  still 
remeins,  in  other  words,  a  matter  of  opinion,  albeit,  perhaps, 
expert  opinion. 

Holt  ( 59  )  is  in  perfect  agreement  with  Emerson,  for  Holt 
thinks  that  after  the  first  year  the  growth  of  the  body  in 
relation  to  weight  is  zf   Importance  and  feels  that  it  has  not 
received  the  attention  in  the  past  that  it  deserves.   In  a 
discussion  of  the  various  standards  for  growth  and  nutrition 
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he 
in  1918^ wrote,  "The  relation  of  height  to  weight  is  the  only 

one  which  is  really  importnt  as  indicating  the  state  of  nu- 
trition.  This  ratio  e.Lpresses  the  general  solidity  or  ro- 
bustness of  the  body  una   is  therefore  significant". 

Holt  thinks  thtit  there  is  o.  ly  one  other  ^uide  which  is 
preferable  to  the  foregoing,  £nd  that  is  the  annual  rate  of 
increase  in  weight  and  height.   He  estimates  the  annual  in- 
crease in  weight  is  from  4  to  6  pounds  from  the  8th  to  the 
10th  year,  while  it  rises  to  an  average  of  13  pounds  in  the 
15th  year.   He  finds  that  girls  gain  at  the  sar.  e  rate  as  boys 
up  to  the  age  of  10  years,  but  surpass  them  for  the  next  3 
years.   He  states  then  that  the  annual  incractse  in  height  v 
varies  normally  less  than  weight,  the   average  increase  being 
from  1  3/4  to  2  inches  a  year  from  the  6th  to  the  11th  year. 
It  reaches  its  highest  point  in  boys  froa:  the  13th  to  16th 
year,  when  it  is  usually  2  1/2  to  3  inches  a  year.   In  girls 
it  is  highest  from  the  10th  to  the  11th  year. 

Unfortunately  at  the  present  tiir.e  there  are  few  con- 
secutive records  over  a  long  period  of  growth  available. 
When  they  do  becoir.e  more  numerous  we  will  have  a  fairer 
method  of  determining  the  standards  to  which  a  child  should 
shouli  conform  &na  the  magnitude  of  his  deviation  from  that 
standard. 

In  connection  with  the  prsvious  discussion  on  height 
and  weight,  it  is  interesting  to  note  much  the  same  view 
as  that  held  by  Emerscn  and  Holt  was  expressed  earlier  by 
G.  S.  Hall  (  55)  who  says,  "Of  all  single  me&sureu.ents. 
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height  is  the  n  ost  valuable,  ettsily  taken  ,  relatively  con- 
stant and  not  liable  to  rcuch  fluctuation^  Along  with  weight 
it  is  the  truert  expression  of  the  energy  of  growth,  the  best 
index  of  health  and  gives  a  datum  from  v;hich  by  the  use  of 
current  norir.s  .-«id  standards  many  other  data  can  be  approx- 
imately inferred".   He  then  refers  to  the  Tables  of  Height 
and  ilTeight  compiled  by  Boas  and  Burk  as  the  best  ones  avail- 
able. 

Are  the  Burk-Boas  the  best  norms?  And  if  not,  what 
norms  are  better?  These  are  the  qaestione  which  must  be 
disposed  of  in  any  adequate  discussion. 

Gebhardt  (4?  )  prefers  these  to  either  Wood's  or  Baldwin's, 
The  reason  he  gives  is  that  they  are  based  on  the  largest 
number  of  typical  American  children,  being  compiled  by  re- 
cognized experts  in-^e  field  of  anthropometry  from  the 
measurements  of  45,151  boys  and  43,S9S  girls  in  the  cities  of 
Boston,  St.  Louis,  Milwaukee,  Toronto  ^nd  Oakland.   He 
maintains  that  the  source  of  Wood's  norms  is  not  definitely 
known  and  that  Baldwin's  are  not  suitable  because  they  re- 
present the  nude  measurements  made  in  private  schools  and 
therefore  represent  a  select  group  which  would  not  be  com- 
parable to  the  public  school  child. 

This  objection  to  Baldwin's  norms  may  be  subject  to 
controversy^.  Baldwin's  norms  probably  do  not  represent  an 
average  of  the  uasses  of  children,  for  presumably  the  child- 
ren Baldwin  measured  are  in  a  better  physical  state,  on 
the  whole,  than  the  average  public  school  child,  because 
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they  do  come  from  homes  which  are  able  to  afford  a  private 
school  education  and  therefore  able  to  furnish  abundant,  if 
not  suitable  food.   That  this  will  hold  true  in  all  cases 
we  know  is  not  possible.   On  the  other  hand,  by  adopting 
the  average  of  ■'.he  messes  as  a  standard  are  we  not  holding 
before  the  child  as  a  perfect  criterion  an  imperfect  measure? 
Why  should  we  not  use  as  a  standard  a  measure  whicji  those 
who  develop  harmoniously,  normally  and  perfectly,  do  attain, 
rather  than  one  which  includes  the  30^  to  40fo  group  who  are 
habitually  underweight  for  their  height? 

Wood's  Tables  would  have  a  tendency  to  satisfy  those 
who  still  believe  in  the  age  factor,  as  does  Rich  (92)  who 
says,  "Nutrition  work  among  children  has  been  based  mainly  on 
the  standard  of  unda:  nourishment  that  concerns  the  ratio 
between  height  and  weight.   This  disregarded  age,  and  any 
findings  are  incomplete  without  it".   At  the  same  time  they 
are  in  ac;ord  with  the  general  principle  of  the  pediatricans 
because  they  do  provide  a  relative  range  in  the  ratio  of  height 
and  weight  within  a  given  age.   The  Bureau  of  Education  which 
publishes  Wood's  Morms  for  Public  School  Use  sends  the  follow- 
ing information  as  the  somrces  of  his  statistics. 

1.   The  s.urces  of  the  statistics  include: 

a.  Observations  upon  American  school  children  by 
Bowditch,  Porter,  Boas  and  others, 

b.  Statistics  gathered  from  10,000  personal  observations 
upon  children  in  the  Horace  Mann  School  \n  New  York 
City  collected  during  the  x>£-6t  eighteen  years. 
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c.  Stc'tietics  of  the  life  Ineurance  cottpaniee  for  the 
age  period  of  fifteen  years  emd  upwards. 

d.  Statistics  of  school  children  in  New  York  State 
from  fourteen  to  sixteen  years  v;ho  were  examined 
for  th«  issuance  of  working  papers. 

The  totcil  it'cludes  observations  upon  about  250,000 
children  of  each  £  ex, 

2.  In  nany  instances,  particularly  the 
observations  mcde  in  the  Horace  Mann  School,  the  same 
children  were  repeatedly  examined, 

3.  The  age  standard  v.'a6  the  nearest 
birthday, 

4.  The  nearest  entire  figure  w;  s  taken,  it 
being  necessary  toavoid  fractit^ns  to  make  the  tatle  small 
enough  for  practical  use. 

5.  The  weights  and  heights  were  calculated 
as  means  and  averages. 

6        6.   The  weights  wtre  taken  in  indoor  cloth- 
ing without  shoes. 

In  a  1921  Report  of  the  New  York  Association  for  Im- 
proviv.g  the  Ccnaition  of  the  Poor,  Gebhardt  also  publishes 
the  above  sources, 

Gebhardt  (  81 )  since  his  work  among  Italian  children 
in  New  York  City,  feels  strongly  that  there  is  no  Vkarrtn  t  for 
assuming  that  an  average  height  or  weight  of  a  le rge  number 
of  children  is  the  "normal"  weight  for  bny  particular  child. 
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He  thinks  that  the  individual  should  belong  to  a  social, 
racial  and  economic  group  ccmparable  to  that  froir.  which  the 
averages  are  drawn,  so  he  suggests  there  be  supplementary 
norms  of  smaller  }yai   more  hoir.ogeneous  groups.   That  is  what 
Clark,  Sydenstricker  and  Collir.t  have  aone  in  the  United 
States  Public  Health  Report  of  May  19,  19^2,  when  they  pre- 
sent norms  for  height  snd  weij^ht  based  on  14,335  native  white 
children  in  Maryland,  Virginia,  North  and  South  Carolina, 

Since  many  of  the  authorities  in  this  field  believe  that 
racial  stock  should  be  considered  in  this  relation  there  is 
room  for  objection  to  the  Boae-Eurk  norms  on  that  score.   They 
would  then  not  be  applicable  to  a  certain  clc-ss  of  our 
Anierican  public  school  children;  for  example,  the  Italians, 
Japanese  and  Jews;  as  the  Burk-Eoas  norms  were  bases  on 
children  of  northern  European  etocK  or  ancestory.   The  several 
"race"  curves  do  show  considertlls  aiffcvrence  v.hen  they  are 
plotted  for  weight  and  height  separately,  but  when  the  curves 
cf  wei  ht  to  height  ratio  for  the  various  recces  are  plotted 
there  is  great  overlapping.   This  would  indicate  that  such  a 
relati.vnshici,  if  used  as  an  index  cf  nutrition  c^uld  be  re- 
garded C.S  ffc.irly  independent  of  nationality. 

The  stuc-iee  of  Gray  (  52  )  (^nd  his  co-workers  have  been 
among  the  most  interesting  ones  recently,  which  have  had  for 
their  object  ideal  ttbles  which  v;  ulvu.  furnish  a  working  basis 
to  deterc.ine  nutritional  status.   He  derived  his  "Ideal 
Tables"  by  the  routine  examination  of  3S0  well  to  do  and 
healthy  boys,  in  a  country  day  end  boaraing  school,  from  6  to 
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20  years  of  age,  of  American  birth,  good  breeding  and  carefvil 

ntrture.   These  taolee  ehow  avert.ge  height  for  age,  chest  girth 

for  age,  weight  for  age  c.nd  weight  for  chest  girth.   This  shov.e 

£  tendency  to  get  av.ay  frou:  tha  average  of  the  n.asies  toward 

a  1.  ore  optimal  statue. 

There  is  also  a  rr.ovement  towards  the  estc.  lishment  of  a 

standard  based  rot  upon  empirical  data  but  upon  formulae. 

Von  Pirquet's  form.ula  found  ri:uch  favor  in  Austria  we  are  told, 

and  was  most  successful  when  used  as  a  nutritional  index  in 

feeding  the  Austrian  children  during  the  war.   Von  Pirquet 

detercined  his  index  which  he  called  "pedidisi"  by  invent- 

ing  the  following  f orn-ula  TIIIS-X-  =  inn   Since  the  war 

'     Sit .  Ht. .  x*-'w. 

Dreyer   (    42)   has   presented  his   tables,   also  calculated  from 
fcrculae,   v/hich  are:- 

Males 

W  =  0.38025  x^^Lill^;  W  -  0,662  x  ,9- ^^^      ; 

Ch  =  >lL-li42_  v.C.    =  W  0.72  v.C.    =  >2.  257 

2.00146  0.69  6.1172 

V.C.    =     Ch  2.5352 

rrB59'5  . 

Females 

0,'6r6  0.284 

V:   =  0.36C93   x-f-^  ;  W  -  0.30213   x 


Ch  = 

C 


> 0.9074         V.C.    -  JLAJL^  V.C.    =  !>^-'^99^ 

D.  761833    ;  0. 7S348    ;  8.2714      ; 


V  G      —     Ch  2.    53_52 
16.4951      . 

7/  =  weight;    Ch  =  chest  circumference;     <\=  trunk  length; 
V.C.    =  Vital  capacity. 
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Dreyer's  forniulae,  as  one  sees  if.  calculated  in  an  en- 
tirely different  fashion  from  Von  Pirquet's.   He,  too,  felt 
that  stature  only  was  inadequate  for  predicting  body  weight, 
80  he  substituted  trunk  length  for  stature  and  made  simul- 
taneous use  of  chest  measure.   Trunk  length,  however,  is 
somiev.hat  different  from  sitting  height. 

Von  Pirquet  allowed  a  variation  of  5^  above  and  below 
60  that  all  under  the  pelidisi  of  95  were  rated  as  under- 
nourished.  The  sitting  height  would  seem  to  be  a  more  re- 
liable standard  than  standing  height,  since  it  bars  out 
length  of  limbs,  in  vvhich  there  is  extreme  Vc-riation. 

Bardeen  (S)  found  a  steady  decrease  from  infancy  to 
about  10  years  of  age  in  pelidisi.   Experim-ents  with  Von 
Pirquet's  formulae  in  the  United  States  indie: tes  95  is  too 
high.   128£  San  Francisco  children's  nutritional  status  was 
computed  and  it  was  found  Sdi.   were  below  95.   Gebhardt  (81) 
Cclculated  the  pelidisi  of  the  Worcester,  Massachusetts 
children  from  Boas  aata  (1900)  and  he  found  the  average  pel- 
idisi to  be  92-S4  at  different  ages, and  boys  regularly  had 
an  average  pelidisi  one  ;r  two  points  higher  than  girls. 

Pedersen  (84)  advances  the  view  that  no  form.ulae  which 
may  be  used  to  determine  proportion  is  therecy  necessarily 
useable  in  determining  nutritional  status;  because,  he 
maintains  they  are  tvvo  different  things.   He,  therefore, 
condem.ns  the  method  of  determ-ining  the  index  by  dividing 
the  weight  by  the  height,  and  also  the  one  derived  by  di- 
viding the  weight  by  the  cube  of  the  heigut,  and  sug- 


69 

geste  instead  actual  conditions  are  better  obtained  by  divid- 
ing the  weight  ty  the  square  of  the  height.   However,  he 
says,  "Tne  nutrition  quotient  calculated  according  to  what- 
ever formulae,  will,  without  doubt,  always  be  an  uncertain 
measure  of  comparison". 

The  problem  of  finding  satisfactory  anthropor.':etric 
standards  for  nutrition  work  is  constantly  becoming  urgent. 
It  is  in  this  cor.nection  that  Dreyer's  work  is  interesting,. 

After  testing  hie  own  "Ideal"  Tables  and  those  of  Dreyer 
Gray  summarizes  the  results  as  follows: 

1.  The  "Ideal  Tables  show  the  smallest  average  error, 
only  4, 6^. 

2.  The  Dreyer-Hanson  Tables  show  an  accurate  only 
slightly  less  for  children  (mean  error  4.8^)  and  for  adult 
men  are  plainly  the  best  standard  available  today  (error  4, 5f;) 

3.  Tiie  Dreyer-Hanson  ri.nge  of  error  is  smaller  than 
the  error  for  other  standards. 

4.  The  Dreyer-Hanson  Tables  e.^nibit  the  smallest 
standard  deviation  of  any  m.ethod, 

5.  Dreyer's  Tables  are  derived  from  a  formula  and 
therefore  represent  a  law  rather  than  simply  empiricism. 
He  further  says,  "For  practical  purposes  their  (Dreyer  and 
Hanson)  book  of  tables  is  cordially  recommended  as  the  best 
standards  of  weight  available  todt-.y.  " 

Gray  (54  )  also  tested  out  the  formulae  of  Vcn  Pirquet, 
Bernhardt  and  Dreyer.   Of  the  three  he  finds  Dreyer's  most 
satiBfactory.   For  young  children  4  years  ..na  4  m-onths  old 
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and  3  years  £  r.onths  old,  he  found  Dreyer'e  rule  was  rer- 
fect.   He  concludes,  "Dreyer's  coirplete  formulc.  is  admiratly 
accurate  and  deserves  widespcead  trie.l". 

In  order  t  c  determine  the  nutritional  stt^tus  of  a 
child  even  after  one  has  decided  on  a  certain  norm,  one 
nex-  has  to  know  how  to  interpret  his  findings.   Dr.  Talbot 
(  9)  says,  "There  is  ouite  a  variation  between  height  and 
weight  in  children  to  all  intents  aiid  purposes  normal". 
We  know  a  child  may  be  either  above  or  below  the  average 
height  or  weight  and  still  be  perfectly  healthy  and  normal  . 

Holt,  Gray,  Emerson  and  Manny  all  say  that  the  point  to 
be  emphasized  is  that  the  normal  curve  is  not  a  line,  but 
a  zone,  and  a  much  wider  zone  than  has  been  appreciated. 
This  eone,  however,  at  the  present  time  must  be  determined 
by  the  variability  from  the  averttge,  as  it  is  the  best 
available  criterion  we  have. 

The  "normal"  width  of  the  zone  varies  slightly  accord- 
ing to  the  opinion  of  the  several  writers.   Emerson  and 
Manny  would  call  the  "normal  zone  that  which  would  include 
children  from  7fo  under,  to  20%   overweitbt  for  height. 
Below  7f   the  child  is  undcriicurished,  over  c;0^  he  is  obese. 

Holt  saye,  "A  child's  nutrition  may  be  considered 
below  the  normal  when  he  is  lOfc  below  weight  for  his  height 
between  the  6th  ^nd  10th  years,  or  12f^  below  from  the  11th 
to  the  16th  year".   One  mdght  think  that  the  average  number 
of  underwei£,r:t  and  overweight  children  t^re  about  equal. 
We  notice  the  fat  boy  or  girl,  but  let  the  small  under- 
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nourished  child  go  fcy  unobBerved.   We  are  told  by  Retan  (  -0  ) 
that  at  least  20^1  are  undernourished  while  only  2^  are 
overnourished. 

The  causes  of  "malnutrition"  introduce  still  another 
phase  of  the  question,   "Malnutrition"  has  been  attributed 
from  time  to  time  to  some  form  of  bodily  defect  such  as 
diseased  tonsils,  carious  or  crowded  teeth,  eye  strain, 
adenoids,  flat  foot,  and  so  made  a  clirdcal  problem;  or 
else  attributed  to  large  faii.llies,  which  in  most  cases 
entails  a  lack  of  sufficient  food;  or  of  late  it  has  been 
attributed  to  ignorance,  so  made  an  educational  problem. 

Two  studies  are  of  especial  interest  in  this  connec- 
tion.  The  Chicago  study  discussed  by  Cornell  (  33  )  and  that 
of  Silvester  (  £,9  )  in  New  Jersey.   In  discussing  the  former 
Cornell  considers  the  factor  of  r  overty  first;  and  ne  emi- 
phasizes  the  fact  that  although  poverty  and  malnutrition 
are  associated  with  the  immigrants  in  our  large  cities, 
especially  those  quarters  peopled  by  southern  Europeans  of 
the  lower  class,  it  is  not  a  rrcial  but  a  social  m.atter. 
And  then  he  differentiates  between  the  causes  of  malnutrition 
among  the  different  classes  in  Am.erica.   Among  the  better 
class  he  says  it  is  due  to  rich  food,  lack  of  exercise  and 
late  hours;  among  ^.he  poor  but  respectable  Americans  the  chief 
cause  is  coffee  and  fried  meat,  while  among  the  lowest  class 
of  AmericanB  it  is  most  com;  only  due  to  neglect  and  drunk- 
enness. 

In  studying  ihis  factor  in  the  Chicago  schools.  Dr. 
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McMillan  and  Mr.  Bodine  (33)  reported  that  the  1123  poorly 
nourished  children  in  Chicago  were  found  rr.oetly  in  the  lower 
grades: -In  the  Kindergarten,  15.9^;  Grade  1,   13.9^;  Grade  II, 
11.2fo;  Grade  III,  9. 6f.;  Grade  IV,  9.  ifo;  thus  showing  a 
gradual  decrease  in  number  as  they  went  up  the  grades. 
They  next  considered  mentally  defective  children  and  found 
they  showed  a  much  poorer  nutrition  than  the  average  child. 
Truants,  too  were  more  pooriy  nourished. 

In  contrast  to  these  findings  are  those  of  Silvester 
(99).   Accepting  ifc   underweight  as  the  initial  stage  of  mal- 
nutrition he  found  28^  of  the  children  of  Montclalr,  New 
Jersey,  we  e  undernourished;  24f^  were  found  in  a  school 
composed  of  Italians  and  Negros,  but  2%   were  found  in  a 
school  composed  mostly  of  Americans  of  the  middle  and 
wealthy  classes.   As  to  its  frequency  in  the  grades,  the 
first  6  grades  had  26/b  while  the  upper  grades  had  £9f(. 

Studying  its  occurance  amon^^  the  subnormal,  he  found 
only  12^  of  the  subnormal  were  malnourished  as  compared 
with  28%   of  the  normal,   rhen  working  from  the  other  end  he 
found  22^  of  the  subnormials  to  be  r:.ore  thtn  lOC  overweight, 
while  only  11^  of  the  normal  group  are  more  than  lCfc>  over- 
weight. 

Mitchell  and  Forbes  {'<&)    found  from  their  experiments 
that  the  difference  in  mentul  ability  of  the  undern  url&.hed 
and  ncrn.al  children  w&s  not  sufficiently  great  to  be  cf  any 
value.   Many  other  factors  they  thought  might  explain  it. 
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Wh'^  +  over  may  be  the  cfeuee  of  lijalnutrition  it  is  a  matter 
*^  ana  «._. 

that  has  loomed  ^^   le   in  the  eye  of  the  public  of  recemt 
years.   Manny  (70)  says:  "Nutrition  is  not  merely  a  matter 
of  food  &lthoUi;.-h  that  source  cf  ^.rowth  and  energy  is  the 
centrc.l  rroblem.   Nutrition  serves  as  an  index  cf  the  re- 
sult of  the  many  strains  and  stresses  that  come  from 
adenoids,  enlarged  tonsils,  defective  eyesight  and  other 
effects  of  native  disability  and  unhygienic  living". 

From  the  summary  of  the  literature,  it  is  obvious  that 
the  problem  of  detemdning  the  status  of  health  and  develop- 
ment of  the  individual  from  c,nthropom.etric  measurement  is  in 
a  highly  unsatisfactory  state.   In  spite  of  the  enthusiasm 
of  those  who  have  constructed  the  various  scales,  it  is  by 
no  means  certain  whether  curely  structural  measurements, 
such  as  height  and  weight,  will  ever  prove  to  be  satis- 
factory measures.   If  such  m.easures  should  prove  feasible, 
the  problem  of  determining  standards  v^culd  become  a  sez  ioue 
one.   It  has  een  pointed  out  that  statieticcl  averages  of  a 
grcuf.  fairly  representative  of  the  group  to  v.hom  the  stan- 
dards are  to  be  aprlied,  would  be  inadequate,  since  the 
averages  are  in  part  determined  by  the  unknown  percentage 
of  defectives  present.   The  selection  of  an  "ideal"  or 
"reasonably  perfect"  group  which  shall  set  the  standard  is 
as  yet  an  arbitrary  matter,  and  cannot  be  put  on  an  entirely 
scientific  basis  until  measures  of  functional  health  and 
capacity  carable  cf  statistical  treatment  are  obtained  from 
correlation  with  the  anthropometric  measures  which  it  is 
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hoped  to  use  &6  "signs"  or  "indices"  of  them. 

That  any  single  anthropometric  standard  can  be  used  on 
a  mixed  porulation,  in  which  many  racial  strains  are  mingled, 
without  making  the  r&nge  of  variation  adm.iseible  as  "normal? 
80  broad  that  it  will  actually  include  the  seriously  defective 
of  several  racial  stocks  within  its  Units,  seens  improb- 
able. 

Furtherr-:ore,  it  must  be  remembered  that  the  classifi- 
cation of  those  who  ftil  to  conform,  within  a  certain  degree 
to  a  standard  such  as  height-weight,  as  "malncurished"  or 
"undernourished"  is  as  yet  an  arbitrary  use  of  the  term 
"nourishment"  and  its  derivation  and  the  extension  of  the 
term  "nourishment"  and  it&  aerivation  and  the  extension  of 
the  term  to  cover  the  ordinary  connotations  does  not  yet  seem 
validated.  Children  who  are  "underweight"  may  be"under- 
ncurished"  in  the  full  sense  cf  the  term,  but  as  yet  they 
can  strictly  be  said  only  to  be  "undernourished"  in  the 
sense  of  the  terc:  as  defined  by  the  height^weight  standard, 
unless  further  examiination  of  these  children  shows  this  to 
be  unequivocally  the  case. 

The  relation  cf  anatomical  developm.ent  to  mental  and 
physical  develorment  remains,  therefore,  a  strictly  ex- 
perimental problem,  although  one  of  the  n.ose  im^portant  of 
probleff.8,  i^nd  the  aflication  of  the  as  yet  tentttive 
standards  can  not  be  strongly  apr roved  except  where  such 
application  is  ecrupulously  tentative  in  the  clinical  field 
or  1.8  purely  for  experimental  purposes.   The  immediately 
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important  work  is  the  exper inientol  testing  of  the  rr.ost 
plausible  standards,  their  compuriscn  with  the  best  ob- 
tainable measures  of  mental  and  physiological  efficiency, 
in  order  to  determine  how  ftr  these  standards  may  be 
rated. 
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The  Tests  and  Their  Admlni  strait  ion 

The  subjects  for  this  ctudy  included  b4  I'reshmen  college 
students,  135  pupils  in  a  private  school  from  the  fifth  grade 
up  through  high  school,  and  425  pu-blic  school  pufdls  of  the 
seventh,  eight,  ninth,  and  tenth  grades  of  the  Junior  and 
Senior  high  schools. 

The  age  ronge  cf  this  entire  group  vra.s   from  nine  years  and 
six  months  to  twenty-t^To  years  ;and  two  months.   The  younger 
ages  are  those  of  the  children  of  the  private  school,  and  the 
oldest  ages  are  those  of  several  young  men,  who, because  of  the 
wcr,  had  been  deprived  of  attending  school  for  several  ye?.rs, 
but,  '.7ho  had  returned  to  continue  their  education.   i'here  are 
no  public  school  children  under  eleven  years.   The  college 
students  range  in  age  from  sixteen  years  and  eleven  months  to 
twenty-one  years,   this  group  then  covers  the  entire  adol- 
escent period,  including  the  prepubescent,  the  pubescent, 
ai'id  the  postpubescent  group. 

The  data  gathered  included  the  scores  ^n  a  group  of 
scores  on  group  intellit,ence  tests, 
seven  Hopkins  Goecial  tests,  ,.evei-al  forms  being  used,  and  the 

physical  measurements  of  weight  standing  height  p.n:'.  trunk 

and 
length,  vital  capacity,  chest  circumference,^  social  dat:.  as 

to  place  of  birth  of  each  subject  and  that  of  his  or  her 
parents. 

It  is  a  matter  of  much  regTet  that  a  c^omplete  set  of  data 
for  each  subject  is  not  available.   This  is  due  to  two  facts; 
(1)  that  betv/een  the  time  of  securing  the  data  of  the  gi-oup 
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intelligence  te<jts  nd  the  standing-height  ar.d  weight,  and 
that  of  giving  the  Hookins  Tests  and  the  taking  of  the  trunk- 
length  and  weight  of  the  public  school  children,  a  mid-ye-  r 
promotion  took  place.   This  disorganized  the  classes  and  left 
the  data  somewhat  irregular.  ( 2)   Soi^ie  of  the  children,  having 
teken  one  test,  'nexs   absent  at  the  time  the  other  tes;ts  or 
measurements  nere  taken,  thus  causing  the  number  to  vary  in 
some  instances,  not  accounted  for  by  the  former  cause.   That 
difficulty  was  not  encountered  with  the  private  sehool  pupils 
not  with  the  college  students,  as  all  tests  and  measurements 
were  made  a.t  one  time. 

The  Group  Intelligence  Tests  used  were  of  three  different 
kinds.   To  the  college  students  was  given  Form  3  of  the 
Thorndike  Test.   With  the  tenth  grade  or  Sophomores  in  high 
school  the  Otis  Group  Intelligence  Test  was  used,  while  it  was 
the  National  Intelligence  Test,  ^orm  A  that  was  administered 
to  private  school  and  Junior  high  school  pupils. 

The  gi'oup  of  Hopkins  Tests  chosen  for  specific  study  and 
measurement  were  (l)  an  Attention  Test,  (2)  a  Substitution 
Test,  (3)  a  Memory  Test,  (4)  a  second  Substitution  Test,  (5)  a 
second  jlemory  Test,  (6)  Omitted  Lette:-  Test,  (7)  a  second 
Attention  Test. 

The  Attention  Test  consists  of  a  printed  sheet  of  rows  of 
digits  arranged  in  four  groups  of  f  "jr  rows  each.   At  the  left 
of  each  row  of  digits  'vas  printed  a  key  number.   In  this  case 
the  key  numbers  were  12,  13>  1"  >  15'   These  were  repeated  in 
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the  same  order  for  each  group.   The  task  is  for  the  student  to 
begin  at  the  left  of  the  top  row  and  to  draw  a  vertical  line 
after  the  di^;it  which  completes  a  total  equal  to  or  greater 
than  the  key  nujnber  for  that  row,  and  to  write  above  the  digits 
so  added  the  difference  between  the  total  and  the  key  number. 
He  continues  adding  from  the  vertical  li.e  first  dravm,  drawing 
lines  and  r;riting  differences,  until  the  end  of  the  row  is 
reached.  ^   vertical  line  is  drawn  after  the  last  digit,  and  if 
the  total  for  the  last  group  is  less  than  the  key  number  the 
the  total  is  ••vritten  above  the  group.   The  same  method  is 
pursued  in  each  succeeding  row.   A  period  of  ten  minutes  was 
allowed  for  this  test. 

The  Substitution  Test  used  is  of  the  symbol-letter  type. 
A  sheet  of  symbols  has  a  key  at  the  top,  under  each  symbol  of 
which  there  is  a  capital  letter.   The  pupils  are  given  the 
instructions  to  begin  at  the  first  line  of  symbols  and  to  write 
under  each  symbol  on  the  page  the  same  letter  used  in  the  key. 
They  vrere  further  instructed  to  take  the  symbolb  in  order  from 
left  to  right  in  each  line  and  not  to  skip  any. 

One  minute  and  15  seconds  were  allowed  for  this  test,  at 
the  end  of  which  time  the  subjects  were  told  to  drav;  a  vertical 
line  after  the  lat  symbol  marked. 

The  Llemory  Te.-',t  consisted  of  a  symbol  sheet  with  the 
8 -.me  symbols  as  that  used  in  the  preceding;  test  but  with  the 
key  at  the  top  cut  off.   They  were  to  be  marked  with  the  same 
key.   Two  miniites  was  allowed  for  t'lis  test. 

The  second  Substitution  and  Memory  Tests  consisted  of 
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symbol  sheets,  differing  from  those  previously  used,  but  the 
sa;ne  key  letters  were  retained.   This  was  done  for  the  pur':)Ose 
of  seeing  if  there  '.''ould  arise  any  interference  from  the  former 
asso  .iation. 

The  Omitted  Letter  Test  is  one  in  which  the  pupil  must 
cross  our  in  each  word  the  letter^ which  is  missing  from  the 
letter  group  at  the  right  of  the  vrord.   The  words  are  arranged 
in  two  columns.   r'ive  and  one  ha.lf  minutes  were  given  to  this 
test. 

The  second  Attention  Test  was  identical  with  the  first, 
except  that  a  different  number  sheet  was  used.   The  key  numbers 
were  the  stime  and  also  the  time  limit  of  10  minutes.   This  type 
of  test  w:\s  repeated  with  a  view  to  detecting  any  fatigue  that 
might  be  a  determining  factor. 
The  Physical  Measurements 

The  weights  v;ere  taken  in  indoor  clothing,  and  without 
shoes  except  those  of  the  freshmen  college  students  whose 
weight  was  taken  stripped. 

The  standing  height  was  taken  by  the  stadiometer ,  the 
pupils  being  without  shoes. 

The  trunk-length  -.-res   taken  in  accordance  with  Dreyer's 
directions,  with  the  subject  sitting  on  the  platform  of  the 
stadiometer.   He  places  the  b;..cks  cf  the  fingers  upon  the 
platform  on   which  he  sits,  and  with. the  fingers  pointing 
backwards  and  the  knees  flexed,  lifts  the  lo'ver  portion  of 
the  body  gently  backv;ards  until  the  lowest  bony  portion  of 
the  OS  sacrum  is  in  contact  with  the  front  of  the  measuring 
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standard.  The  back  is  then  straightened  until  the  back  of  the 
head  comes  into  contact  with  the  standard.  '-^'he  head  iz  tilted 
neither  up  nor  dovm  and  the  eyes  look  straight  forward. 

The  circumference  of  the  chest  was  also  secured  according 
to  Dreyer's  directions  which  are  as  follows:   "The  circumference 
of  the  chest  shou?Ld  be  measured  \)y   a  tape  measure  in  direct  con- 
tact with  the  skin,  (or  if  necessary  placed  over  a  very  thin 
garment;.   ^he  measurement  is  taken  at  the  nipple-level  in 
males,  that  is  to  say  at  the  level  of  the  fourth  intercostal 
space  in  the  nipple  line;  in  the  case  of  the  feamles  the  measure 
is  taken  at  the  same  level,  just  under  the  breasts.  ^Thile 
being  measured  the  subject  should  stand  up  with  the  arms 
hanii'ing  loosely  at  the  sides,  and  should  be  encouraged  to  talk; 
in  this  way  quite  natural  breathing  is  secured,  and  expansion  of 
the  chest  beyond  the  resting  position  is  prevented.  •  The  measure- 
ment required  is  that  of  the  normally  breathing,  not  expanded, 
chest". 
The  Vital  Capacity 

To  quote  again  from  Dreyer  who  says:  "The  term  'vital 
capacity'  is  used  to  indicate  the  maximum  amount  of  air  an  in- 
dividual is  able  to  expel  from  the  lungs  by  voluntary  effort, 
after  taking  the  deepest  possible  inspiration.   In  measuring 
the  vital  capacity  it  is  essential  to  use  an  appa.ratus  that 
affords  the  least  possible  resistance  to  expiration,  and  at  the 
same  time  gives  easy  and  accurate  readings  -of  the  amount  ex- 
pired".  In  this  study  a  v/et  spirometer  t;:.'.s  used. 

Dreyer's  method  of  measuring  the  vital  capacity  was 
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followed.    e  says,  "Ti;e  subject  should  be  seated  on  a  high 
stool,  with  his  back  straight,  opposite  the  spirometer".  "The 
subject  is  asked  to  fill  the  lungs  to  the  maximu'ii  capacity 
then  the  nose  is  held  with  one  hand,  the  mouthpiece  is  placed 
well  inside  the  lips  with  the  other  hand  in  such  a  rnanner  a.- 
to  prevent  any  escape  of  air  around  it.   He  now  blows  steadily 
into  the  tube  and  empties  the  lungs  as  completely  as  possible 
into  the  spirometer,  being  encouraged  during  the  iast  period 
of  expiration  to  make  the  utrnost  effort  to  expel  all  air  from 
the  lungs".   "Five  successive  observations  should  be  taken 
and  recorded,  the  subject  being  allowed  time  for  a  short  rest 
after  each".   "The  highest  reading  out  of  the  five  i?  the  one 
that  should  be  taken  as  the  value  of  the  vital  capacity. 
The  Ages 

In  computing  the  ages  of  the  children  in  this  study,  if 
the  age  included  fifteen  or  more  days  over  the  even  month,  one 
month  was  adr'.ed;  if  less  than  15  days,  they  were  not  counted. 
The  Use  of  the  Data 
The  Group  Intelligence  Te:;ts 

The  scores  of  the  Otis  and  riational  group  test  W3re  con- 
verted into  mental  ages  according  to  the  tables  and  from  the 
mental  ages  an  intelligence  quotient  was  derived.   In  case 
the  National  scores  exceeded  13b,  which  score  earns  a  mental 
age  of  13  years  and  6  months,  they  ^vere  all  treated  as  earning 
a  mental  age  of  lo  years.   This  v/as  a  rather  unsatisfactory 
method,  a.s  there  wa:-:  a  gr£;at  range  above  that  score.   7/"ith 
the  Thorndike  Test  and  the  Hookins  Tests  the  r-w  scores  were 
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used. 

The  Physical  Measurements 

(A)  To  determine  whether  or  not  the  subject  v;as  up  to  the 
standard  set  for  his  age  and  height  the  Vfood  Tables  were  used, 
because  they  take  into  account  both  factors.   Moreover,  they 
are  based  on  weights  with  indoor  clothing,  but  without  shoes, 
which  correspond  to  data  used  here.   His  age  standard  is  the 
nearest  birthday.   The  sajne  was  used  in  this  study.   To  get 
the  percentage  above  or  below  normal  weight  for  height  and  age 
the  weight-height  indices  of  Wood's  norms  were  calculated. 
These  indices  were  found  to  correspond  closely  to  those  se- 
cured by  the  medical  office-s  of  t'.e  United  States  Public 
Health  Service  in  the  schools  in  Frederick  County,  Maryland, 
Petersburg  and  Hampton,  Virginia,  Charlotte,  North  Carolina, 
and  Spartansburg  and  Crreenville,  South  Carolina.   Their  results 
are  based  on  the  study  of  the  heights  o.nd  weights  of  1^,33[? 
children.   This  was  of  especial  interest  because  the  children 
of  this  study  a.re  Maryland  and  West  Virginia  chilaren,  \fo 
would  have  much  the  same  ancestory  and  environment. 

The  weight-height  index  was  obtained  by  dividing  the 
weight  in  pounds  by  the  height  in  inches.   A  low  index  for 
a  given  stature  indicates  a  thin  body,  a  high  index  indicates 
the  individual  is  fat  or  at  least  of  a  stocky  build. 

Next  the  indices  of  the  subject  of  this  study  were  com- 
pared with  the  norms  and  the  percentage  deviation  above  or 
below  W';.s  computed. 

(E)  To  find  if  th.e  v/eight  is  normal  v;hen  the  trunk- 
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length  is  used  inste^id  of  st8,nding  height  calculations  were 
made  from  Dreyer's  Tables.   Ke  says:  "Having  ascertained  the 
trunk-length  and  the  chest  circumference,  find  fi  st  in  Table 
XIV,  (Female),  or  XIX,  (i.Iale) ,  the  normal  \7eig  ht  corresponding 
to  the  observed  trunk-length,  then  look  up  the  weight  for  the 
observed  chest  circumference  in  Table  XIV  or  XX;  acid  the  two 
weights  together  and  divide  by  two,  and  the  normal  weight  for 
an  individual  of  the  obsei-ved  trunk-length  and  chest  circum- 
ference will  have  been  obtained.   The  weight  derived  from  the 
Tables  is  now  compared  with  the  actual  weight  observed,  and 
the  percentage  deviation  above  or  below  the  normal  is  readily 
calculated.   For  example: 

Female,  10  years  of  age 
Observations:   Weight  of  the  body  =  7^  Ihs.  15  oz. 

Length  of  the  trunk=  2S  5/S  inches 
Circumference  -f  chest  -  25  1/^  inches 
Calculations 

Weight  derived  fro-  length  of  the  trunk  (2S  5/g  in.)=  75-32  lbs. 
(fro::.  Tahle  XIX) 

Weight  derived  from  circumference  oi'  chest   25  l/^  in)=75«17  Ih. 
(from  Table  XX) 

Averaging  75«  :'2  -^75'  17  ==  75* -5  1^-  '>'^hich  is  the  normal 

2 
weight  corresponding  to  the  observed  length  of  the  trunk  .md 

the  circumference  of  the  chest. 

Subtracting  the  calculated  from  the  observed  weight, 

7^.9^  -  75.25  -  -0.51  lbs. 

-0.;.lVC  lOO-i-75.25  =  -OAl^o 
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Therefore  the  person  rreighs  OAl  percent  less  than  she  should 
weigh  according;  to  the  Tables". 

As  all  the  v/ei^-hts  quoted  by  Dreyer  are  net  v/eights  of 
body  without  clothes,  '.ve  deducted  3  pounds  from  the  weight  of 
the  girls  clothing.   This  amount  was  found  to  be  the  weight  of 
the  gr/mnasiu:.-!  clothing  v;orn  by  the  girls  of  the  oriva.te  schools, 
and  since  all  the  others  had  standing  heirhts  ■  nd   r/eight: 
measurement  made  in  the  autu;;ni,  and  trunk-length  and  weight 
measurements  taken  in  the  spring  in  a  mild  clima.te  the  3 
pounds  was  deemed  adequate  for  them,  especially  'n  view  of  the 
present  style  of  clothing.   In  1907  vTood  suggests  5  pounds  as 
a  suitable  deduction  for  5  year  old  children  and  b  or  7  for 
older  children,  f.nd  that  a  slightly  greater  allowance  should  be 
made  for  boys  than  for  girl's  clothing.   So  5  p-unds  were  de- 
ducted fro~,  the  weight  of  the  boys.   These  minimum  deductions 
Y;ere  made  because  weights  were  taken  without  shoes,  and  because 
the  clothing  worn  w:'s  very  light. 

In  securing  our  data,  chest  measurements  were  made  only 
on  the  college  students,  as  the  correct  chest  measurement  is 
very  difficult  to  obtain.   This  is  a  fact  which  Dreyer  recog- 
nizes when  he  states:  "It  should  be  noted  that  the  calculated 
weights  derived  fro:::  chect  measurements  show  greater  individual 
variations  than  those  obtained  from  trunk  lengths.   This  is 
more  particularly  marked  in  the  adult  female  owing  to  the 
difficulty  in  obtaining  successive  measurements  that  are  iden - 
ticalon  repeated  examination,  slight  variations  of  level  in 
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the  application  of  the  tape  measure  to  the  chest  giving  rise 
to  c  nsiderable  variations  in  the  measurements,  owing  to  the 
interferance  of  the  mammary  tissue.   ihe  errors  thus  intro- 
duced are,  however,  small  when  averaged  up  by  basing  the 
calculations  on  both  trunk-length  and  chest -measurement,  where 
individual  cases  are  concerned. 

If  on  the  other  hand,  one  wishes  to  compare  the  weights 
of  a  whole  group  or  clacs  of  individuals  v:ith  those  of  another 
group  or  class,  little  advantage,  if  .'iTiy,  is  gained  by  aver- 
aging the  figures  obtained  from  both  these  measurements.   At 
the  present  stage,  of  our  kno^Tiedge  it  would  seem  that  if 
greater  deviations  are  found  to  occur  b;;  taking  both  measure- 
ments into  account  than  by  basing  the  calculations  on  trunk- 
lengiihs  only,  the  latter  series  of  observations  should  be 
considered  the  more  correct". 

Inasmuch  as  early  in  the  collecting  of  the  data  a  greater 
deviation  was  found  to  occur  when  both  measurements  were  taken 
into  account  t;he  trunk-length  was  the  only  one  later  taken  with 
the  weight. 
Vital  Capacity  and  Physical  witness. 

In  the  tables  dealing  with  vital  capacity  in  its  re- 
lation to  trunk-length  and  chest  circumference,  Dreyer  gives 
three  standards,  A,  B,  and  C  respectively.   Class  A  includes 
persons  lix'ing  a  healthy  outdoor  life,  athletes  and  persons 
who  compensate  for  a  sedentary  life  by  regular  exercise  or 
sport.   Class  B  contains  the  professional  classes,  children 
in  the  upper  schools  and  others.   Class  C  contains  the  asti- 
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sans  and  elementary  school  children.   In  this  study  all  refer- 
ences were  made  to  Class  B. 

The  vital  capacity  as  a  measure  af  physical  fitness  was 
obtained  in  the  following  manner. 
Vital  capacity  derived  from  the  length  of  trunk  (35  1/2  in.)  - 

3S59  c.c.  (from  Table  XXIII  -Class  B) 
Vital  capacity  derived  from  circumference  of  chest  (37  1/2  in. )• 

3^30  c.c.  (from  Table  XXIV  -  Class  B) 
Averaging  3S59  "*"  3^-30t- 2  =  427S  c.c.  which  is  the  noriial  vital 
capacity  for  Class  B  corresponding  to  the  length  of  trunk  and 
circumference  of  chest. 

Subtracting  the  calculated  from  the  observed  vital  capacity 
4550  -  ^27S  =+272  c.c. 
-^  272  X  100^4278  =-f-6.3fo 
Therefore,  the  person  shows  a  tendency  to  6^1?  greater  vital 
capacity  than  he  would  be  expected  to  have  according  to  the 
Tables  for  Class  B,  calculated  from  length  of  trunk  and  cir- 
cumference of  chest.   This  measure  of  physical  fitness,  too,  w 
was  used  only  on  a  limited  number  of  college  students. 

As  a  result  i"  the  procedure  described  above  all  physical 
meas\irements  have  been  reduced  to  a  percentage  deviation  above 
or  below  the  normal  weight  in  its  relation  to  skeletal  growth, 
either  that  of  the  co  .  lete  stature  or  of  tV.e  trunk  length. 

The  weigl:t  is,  however,  not  considereci  in  the  vital 
capacity,  as  it  introduced  greater  fluctuations,  and  "place 
the  too  heavy  individuals  in  a  class  lo'ver  tho.n  that  to 
which  they  belong,  and  the  ooorly  developed  individuals  in 
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a  better  class  than  their  condition  ;7ieritc",  according  to 
Dreyer. 

However,  even  v/hen  only  chest  jr.easurements  and  trunk- 
length  vzere  taken  into  account,  it  seems  the  weight  element 
was  not  entirely  eliminated,  for  it  is  the  fatty  tissue  even 
there  which  gives  unusually  large  chest  measurements,  rather 
than  chest  cavity. 

It  is  that  factor,  quite  s  much  aa  the  insccuracy  of 
obtaining  chest  measurements,  which  Dreyer  mentions,  which 
makes  the  percentage  of  weight  deviation  less  reliable  when 
chest  circumference  is  used  v/ith  trunk  length,  rather  tha.n 
trunk  length  alone. 

TiThat  constitutes  an  abnormal  weight  as  far  as  it  is  re- 
lated to  physical  fitness  is  a  matt^er  upon  which  there  is  no 
definite  agreement.   Practically  all  those  v;ho  have  to  con- 
sider that  factor  agree  that  no  hard-and-fast  line  can  be 
drawn  between  the  normal  and  abnormal.   All  agree  there  is  a 
zone  v;ithin  wliich,  if  one  falls,  one  may  be  considered  normal, 
but  outside  of  it,  the  normalcy  lS  questionable.   Dreyer  has 
four  categories  into  which  he  classifies  body  weights. 
1.   Normal  2.   Pos.--ibly  abnormal  if  an  inriividual  is  found  to 
be  iis  much  as  5  percent  below  or  above  normal.   3*   If  he  differs 
from  the  normal  as  much  as  10  percent  he  is  probably  abnormal. 
^. .   If  he  deviate t;  as  much  as  15  percent  he  is  certainly 
abnormal. 

On  the  other  hand  the  worker'-  in  the  field  of  nutrition, 
persons  such  as  Dr.  Eaurson,  Dr.  ..:  nny,  and.  others  hold  that 
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7  percent  below  normal  is  to  be  considered  abnormal,  while  a 
wider  range  t)t   20  percent  above  is  the  limit  set. 

In  this  study  the  actual  percentage  plus  or  minus  has 
been  used  in  the  correlation,  thus  correspondinf,'  to  Dreyer's 
scheme. 

7,rhere  large  numbers  of  score  were  to  be  correlated  the 
product -moment  correlation  was  used. 

^Ji_^  -  ex .  cy 

r  =  — a =_ 

In  dealing  with  Hookins  Tests  where  the  total  group  was  broken 
up  into  saaller  groups,  the  Pearson  formula,  r  "^  Z-  i^J      a^VaV 

was  the  one  employed. 
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Results 
The  Correlation  of  Chronolo  ■leal  Ap^e   and  ?eip:ht -Height  Index 

The  correlation  between  the  chronological  age  and  the 
weight-height  index  of  a  group  of  ^97  youths  ranging  from 
nine  years  six  months  to  tvrenty-one  years  eight  months  and 
v/ith  indices  lo  rzeight  to  height  rati.  ^  ra,nging  from  103  to 
2. SO  was  found  to  be  0.^91,  P.E.t  .  C-iJ. 

The  median  age  is  1^-  years  and  11  nionths,  the  standard 
deviation  being  ^.1J>,      The  median  index  is  1.7^>  with  a  stan- 
dard deviation  of  5'5« 

Thile  the  correlation  coefficient  is  sufficiently  high 
to  show  that  the  index  tends  to  increase  in  size  with  increas- 
ing years,  nevertheless,  it  is  far  from  approaching  the  ideal. 
On  the  other  hand  it  is  so  lorr  that  one  may  be  led  to  t^.e  con- 
clusion that  only  about  ^0   percent  of  these  children  continue 
to  grow  in  the  proper  ratio  of  height  to  weight,  or  measure 
up  to  the  average  for  their  age. 

The  distribution  of  this  same  group  for  percentage  above 
or  below  the  normal  weight  shows  a  range  fror  -27>  to-r^yj? 
v;ith  a  median  of  -5>c.   This  .tows  that  there  is  a  tendency  to 
underweight  as  measured  by  Wood's  Tables. 

'Then  the  group  is  separated  into  the  two  sexes  we  find 
the  median  of  1J.4-  boys  is  -3;'=,   the  range  being  from  -24^1-  to 
-^30/^•   The  median  of  the  3t'l  girls  is  -2>  and  the  rjnge  is 
from  -27fo   to+-53/''«   The  greatest  range  is  .-Lmong  the  girls. 
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This  may  be  due  to  the  fact  that  there  are  more  girls  measured 
than  there  are  boys. 

Wei,g;ht  in  Relrition  to  Trunk  Len^-bh 

A  correlation  was  not  attempted  between  the  trunk  length 
and  age,  as  Dreyer  states  age  has  been  found  to  be  of  little 
or  no  importance  up  to  o^n  age  of  about  ^0   years,  and  it  is, 
therefore,  not  included  in  his  norms. 

Kov/ever,  distributions  ha.ve  been  ma.de  of  tne  percentage 
deviation  above  or  below  the  normal  as  computed  from  Dreyer 's 
Tables  for  the  relation  of  weight  to  trunk  length,  also  for 
the  age  distribution. 

The  percentage  of  ra.nge  of  weight  to  trunk  length  ratio 
of  550  students  is  from  -J>Ofs   tcf  53/'o.   The  median  is  -g;i>. 

Dividing  the  group  into  the  two  sexes  we  find  the  331 
girls  ranging  from  -3^jo   to  +-55/'b  with  a  median  of  -Sfo.      The 
199  boys  have  a  range  from  -3275  to-f-3Sf3,  with  a  median  of 
-Syi  also. 

It  is  of  interest  to  note  that  the  range  is  greater 
for  girls  in  both  the  distribution  of  weight  in  relation  to 
standing  height  and  also  in  that  of  trunk  length  to  weight, 
it  being  slightly  greater  in  the  former.   Curiously  enough 
the  upper  limit  is  the  same  and  happens  to  be  that  of  the 
same  girl.   This  similarity  of  rr.gge  may  be  due  to  the  fact 
that  the  two  groups  measure  the  same  people,  but  they  are 
not  identical  groups  as  some  had  only  standing-height  and 
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and  weight  measurements  while  others  had  only  trunk-length 
and  weight. 

This  distribution  also  shows  a  negative  tendency-  a 
tendency  for  this  group  pf  boys  and  girls  to  be  more  under- 
weight than  overweight  ,as  determined  by  Dreyey,8  norms. 

This  difference  between  the  median  when  Wood's  norms 
were  used  (-  3^)  and  the  median  when  Dreyer's  norms  were 
used(-8^)  is  also  worthy  of  note.  This, however  ,is  no  more 
thetn  is  to  be  expected  when  we  recall  that  Wood'  s  norms 
are  based  upon  averages  , whereas  Dreyer'  s  were  calculated 
from  formulae, av-d  more  likely  approach  an  ideal  standard. 

The  age  distribution  of  trie  530  for  whom  trunk- 
length  and  weight  were  secured  includes  ages  from  9  years 
and  6  months  to  22  years  and  2  months.   The  median  aage  is 
15  years  and  3  months.  There  were  only  five  children  who 
were  below  10  years  7  months  of  age  ,and  ten  7;ho  were 
20  years  or  over. 
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Distribution  Table  of   Phys   cal   /leasure.r.ents 

Ca:--es         Ranf^e   ;^  Median  p 

Percent  T7eiglit   above       Boys  & 

Girls 
or  below  the  normal  ^95  -27   "^0+  ^3  -3 

standard  of  'Tood's  Boys 

13^1-  -2^  to +  30  -5 

•Tables  using  weight 

Girls 
and  standing  height  3^1  -27  to-t-53  -2 

index. 

Age  range  9  years  6  months  to  21  years  S  months 

Percent  Weight  above 
or  below  the  normal 
standard  of  Dreyer's 
Tables  using  Trunk 
Length  and  height 

Age  range  9  years  6  months  to  22  years  2  months 


Correlation  Ta-ble 

Cases    Han;;e      ;:edi3.n  Averapje   S.D.    r, 
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HEIGHT  &   WEIGHT  TABLES  COMPARED  WITH  THOSE  OF  CLARK 
SYDE'T  STRICKER  AND  COLLINS 


Age  af 

near- 

Height 

Age 

Heii 

5ht 

No. 

Cases 

est   bir 

'thday. 

(years 

) 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

11 

54.3 

54.5 

11    1/2 

57.5 

15 

12 

55.2 

57.0 

12   1/2 

50.1 

43 

13 

58.0 

59.3 

13    1/2 

59.3 

51.3 

23 

45 

14 

60.3 

61.1 

14   1/2 

52.7 

S3.  5 

38 

70 

15 

62.9 

52.5 

15   1/2 

54.9 

64.8 

36 

62 

16 

64.6 

63.3 

16  1/2 

17  1/2 

56.8 

54.6 
53.5 

14 

48 
23 

Mean  he 

iight    c 

:f   14,335 

18   1/2 

63.2 

28 

native 

white 

childr. 

en 

13   1/2 

In  Maryland,  Virginia, 
North  &  South  Carolina. 


Boys  and  girls  in  West 
Virginia  and  Maryland 


Age  at 

near- 

Weight 

Age 

Weig 

iht 

No. 

Cases 

dst  birthday 

(years" 

i) 

Boys 

Girls 

Boys 

Girls 

Boys 

Girls 

11 

71.1 

70.3 

11 

1/2 

87.3 

16 

12 

78.0 

79.7 

12 

1/2 

100.6 

43 

13 

85.1 

89.7 

13 

1/2 

90.2 

103.7 

23 

45 

14 

95.4 

99,4 

14 

1/2 

103.8 

109.5 

38 

70 

15 

108.4 

107.6 

15 

1/2 

115.3 

112.5 

36 

62 

16 

116.7 

113.5 

16 
17 

1/2 
1/2 

129.3 

120.2 
120.8 

14 

48 
23 

Mean  weif^ht   ( 

of   14,335 

18 

1/2 

120.5 

28 

nat  ive 

white 

childr 

en  in 

19 

1/2 

Maryland,  Virginia, 
North  &  South  Carolina. 


Boys  and  Girls  in  West 
Virginia  and  Maryland 


i 


57 


(years) 

Boys 

Girls 

11 

1.31 

1.39 

12 

1.39 

1.40 

13 

1.47 

1.51 

14 

1.58 

1.S3 

15 

1.72 

1.72 

16 

1,81 

1.79 

Wt-Ht 

Index 

No. 

Cases 

Boys 

Girls 

Boys 

Girls 

1.50 

16 

1.55 

45 

1»52 

1.58 

23 

4^ 

1.34 

1.74 

38 

70 

1.77 

1.78 

36 

68 

1.92 

1.83 

14 

48 

1.89 

33 

1.92 

28 
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Age  at  near-  Wt-Ht  Iniex  Age 
est  birthday 

Rova         Gi  rla 

11  1/2 

12  1/2 

13  1/2 

14  1/2 

15  1/2 

16  1/2 

17  1/2 

18  1/2 


It  will  be  noted  in  the  group  studied^  that  on  the 
average,  the  girls  are  tai.  ler  than  the  boys  at  the  age  of 
12  1/2  years  to  14  I/2  years;  a,na  that  the  ages  12  ^/2  to 
14  1/2  the  girls  are  also  heavier.   At  15  l/2  the  boys  go 
ahead  of  the  girls  in  both  height  and  weight.   This  is  in 
accordance  with  the  generally  accepted  laws  of  growth  during 
the  period  of  puberty.   It  will  also  be  noted  that  the 
differences  in  the  wdight-height  indices  for  the  sexes 
occur  approximately  at  the  sane  ages  as  do  the  differences 
in  height  and  weight  taken  singly. 

Comparing  this  group  with  that  of  Clark,  Sydenstricker , 
and  Collins  it  is  interesting  to  note  that  my  group  are  bolii 
taller  and  heavier  age  for  age,  and  in  both  sexes.   One 
might  be  Inclined  to  believe  the  increase  was  due  to  the 
inclusion  of  the  private  school  pupils,  as  Gray  found  private 
school  boys  taller  than  public  school  boys.   But  the  private 
school  pupils  in  this  study  were  only  girls,  so  that  expla- 
nation will  not  hold,  as  there  is  also  about  the  sane  in- 
crease with  the  boys  and  all  of  the  boys  considered  here 
were  public  school  boys.   To  be  sure  therS  is  a  great  differ- 
ence in  ;  he  number  measured,  nevertheless  the  variation  is 
exceedingly  interesting. 
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Correlations  Betrreen  InteTlio;ence  Scores  and  Physical 

Measurements 

Correlation  of  Otis  I .  Q..  and  Percentap:e  Deviation  of  the 
Weight  t o  Standing  Height  Ratio . 

The  correlation  of  the  intelligent  quotient  derived 
from  the  Otis  Group  Intelligence  Test  and  the  percentage 
above  or  below  the  normal  c-lculated  from  the  weight-height 
index  (';7ood's  Tables  being  used)  of  151  Soohoiiores  in  high 
school  gave  ?.  coefficient  of  -.134,  P.Z.t   .05.   The  Otis  1.3,. 's 
ranged  from  69  to  14-4  with  an  average  of  IO3.S5  and  standard 
deviation  of  l^-.yo.   The  percentage  above  or  below  the  normal 
weight  range  is  from  -26  to+  50,  with  an  average  of  -4.6  and 
<i"l0.92. 

"Then  the  correlation  was  m  de  for  the  girls  of  this  group 
separately  the  coefficient  was  -.133,  P.2.+  .07.   The  I.  Q. 
range  for  the  girls  was  from  75  to  14^ ,  with  an  average  of 
103.71,  and(ri5.33.   The  percentage  above  or  below  normal 
weight  ra.nge  was  from  -26  to +50?  with  a  mean  of-6.5  and 

^12.75. 

The  correlation  for  the  boys  also  being  worked  out  sep- 
arately the  coefficient  was  found  to  be  -.3'  P. 2.  +.07.   The 
I.Q.  range  w;is  from  69  to  I3S.  the  average  being  104. 12,  (Ti^.  16. 
The  weight  percentage  range  was  from  -21  to-fS  with  an  average 
of  -4.2,  <r8.04. 

In  general  the  correlation  although  negative  means  little. 
If7e  are  led  rather  to  the  conclusion  that  there  is  either  no 
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correlation  between  physical  standard  of  the  ratio  of  height 
to  weight  and  intelligence  scores,  or  that  the  measure  which 
we  have  for  determining  the  one  or  the  other  of  the  terms 
mentioned  above  are  inade  uate  to  measure  them. 

Correlation  of  Otis  I.Q.  and  the  Percentage  of  TTeJcrht  above 
or  below  the  standard,  in  relation  to  trunk  len,r:;th  using 
Dreyer's  Ta.bles. 

When  the  correlation  was  computed  between  the  I.  Q. 
derived  from  the  Otis  Scores  and  the  percentage  above  or  be- 
loxf   the  stsndard  weight  for  trunk  as  set  by  Dreyer's  Tables 
of  152  cophonores  in  High  School  it  was  found  to  be  -. lS8,P.S.t.  J5 
with  a  ra,nge  of  71  to  137  I-^-  >  ^^^   average  being  105.62 
and  standard  deviation  13.32.   The  weight  range  ^^as  fro'ii  -2S 
per  cent  to-*- 36  percent,  the  average  being  -6.60  percent  and 
a  standard  deviation  01  12. S7. 

This  group,  too,  was  divided  to  discover  any  sex  differ- 
ences that  might  appear.   The  SI  girls  ha,d  an  I.Q.  range  of 
73  to  133 J  ^^   average  ox  106.2b  and  a  standard  deviation  of 
13'5t>j  while  their  weight  range  was  from.  -2S  percent  to-*- 36 
percent,  with  an  average  of  -5'^5  percent  ano'.  a  standard  de- 
viation of  14.52.   The  correlation  was  -.215,  P.^.t-OJ.      The 
boys  had  an  I.Q.  range  of  71  to  137  "^ith  an  average  of  104.99 
and  a  sta.ndard  deviation  of  13.95'   Their  weight  range  is  fr  m 
-23  percent  to  +27  percent,  the  average  being  -b.9S  percent 
and  standard  deviation  10.02.   The  correlation  between  these 
two  measures  is  -.149,  t. 07. 
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Thet;e  results  bear  out  the  same  general  findin^js  that  ap- 
peared when  the  percentage  of  weight  derived  from  the  weight- 
height  index  was  used.   Again  ve   find  the  greatest  range 
among  the  girls,  although  in  this  case  the  number  is  almost 
equally  divided  between  the  boys  and  the  girls.   One  differ- 
ence, however,  is  noted.   TTl-.en  the  weight-huight  index  stand- 
ard of  Wood's  Tables  was  used  the  boys  showed  a  minus  (-.300±.07) 
correlation  which  was  significant,  indicating  rather  that  the 
underweight  boys  made  better  scores  on  the  intelligence  test 
than  the  overweight  boys,  whereas  when  Dreyer's  Tables  are 
used  the  reverse  ai)pears.   It  is  ohe  girls  v.'ho  show  the  larger 
minus  correlation  (-.  21S,z.07) . 

Another  item  of  interest  in  connection  with  the  two  types 

of  physical  measurements  used  is  that  the  standing  height 

measures  and  weights  were  made  in  the  early  autumn,  late 

October,  and  the  trunk  length  measures  and  weights  were  taken 

in  the  spring,  late  April.   If  the  seasonal  fluctuations  are 

considered,  that  should  show  a  larger  percentage  underweight 

in  the  spring.   As  a  ma,tter  of  fact  we  vind  the  percentages 

showing  up  as  follows: 

October  Measurements   April  Measurements 
Boys  and  Girls  -4.6?^  -S.b&fo 


Girls  -6.5^'i  -5.^5;^' 

Boys  -^.2fo  -G.SQfo 

One  sees  the  theory  does  not  hold  for  the  girls,  although  it 
does  for  the  boys  and  for  both  sexes  taken  together. 
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Correlation  Table 
Boys  and  girls   Cases   Range    Average  3.D.    r.   P.E. 
Otis  I.Q.        151  69  to  1^  103.85   14.70 

-.im  t.05 

Percent   'height       151   -2b  to+50       -4.b  10.98 

(Wood's   Tables) 


S2     75   to   144     103.71        15.35 

-.IS3  1.07 
Percent   ;Teight  -26  to  +  50      -6.5  12.75 


Boys 

Otis   I.Q.  69      69   to    13s      104.12        IM . I6 

-.300  t .07 
Percent   YTeiglit  -21  to  +  S        -4.2  8.04 


Boys   and  Girls 

Otis   I.Q.  152     71   to   137      105.62        13.32 

-.188  t   .05 
Percent  Weight  -28  to +36       -6.68       12.87 

(Dreyer' s   Tables) 


Girls 

Otis  I.    Q.  81     73  to  133     106.26       13-56 

-..21-  t.07 
Percent   ',7eight  -28  toH36        -5.45        14.52 


Boys 

Otis  I.Q,         71  71  to  137   104.99   13.95 

-.149  it:. 07 

Percent   Weight  -23    to -t- 27        -6.98        10.02 
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CORP.ELATION  OF  THE  NATIONAL  INTELLIGENCE  I.Q.  AND  PERCENTAGE 
DEVIATION  OF  TEE  WEIGHT  TO  STANDING  HEIGHT  RATIO. 

The  correlation  of  the  I.Q,  derived  from  the  National 
Intelligence  score  Farm  A,  and  the  percentage  above  or  below 
the  normal  weight-height  index  of  139  junior  high  school 
pupils  is  +0.021,  P.E.I. 05.   The  I.  Q.  *  ramged  from  75  to 

aJ 

148  with^mean  of  106.85  and  a  standard  deviation  of  4.94. 
The  weight  range  is  from  -26  percent  to  +53  percent,  with 
a  mean  of  -1.64  percent  and  a  standard  deviation  of  4.07. 
The  age  range  is  from  11  years,  1  month  to  16  years,  7 
months. 

The  correlation  for  the  measures  above  of  the  84  girls 
alone  is  -0.073,  P.E.  ^.07.   The  I.Q.  range  is  78  co  148, 
with  a  mean  of  107.21  and  a  standard  deviation  of  14.75.   The 
T.eight.  percentage  ranges  from  -26  percent  to  +53  percent,  with 
a  mean  of  +0.17,  and  standard  deviation  of  13.50.   The  age 
range  is  from  11  years  1  month  to  16  years  2  m.onths. 

For  the  55  boys  the  correlation  is  +0.191,  P. E.  ^.08. 
The  I.Q.  range  is  from  75  to  130,  with^mean  of  102.89  and 
a  standard  deviation  of  14.40.   The  range  of  the  percentage 
of  weight  above  and  belov/  normal  is  from  -24  percent  to  +30 
percent,  with  a  mean  of  -4.34  percent  and  a  standard  deviation 
of  S.  50.   The  age  range  is  from  12  years  1  ir.onth  to  16  years 
7  rr.onths. 

The  correlation  for  the  group  as  a  whole  is  positive, 
for  the  girls  it  i8  negative  and  for  the  boys  it  is  rositive, 
but  in  all  cases  it  is  insignificant. 
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CORRELATION  OF  THE  NATIONAL  INTELLIGENCE  I.O.  AND  THE  PER- 
CEIv'TAGE  OF  WEIGHT  ABOVE  OR  BELOW  THE  STANDARD  IN  RELATION 
TO  TRUNK  LENGTH  USING  DREYER'S  TABLES. 

The  I.Q.  of  1£,0  junior  high  school  pupils  derived  from 
scores  made  on  National  Intelligence  Test,  Form  A^  end  the 
percentage  above  or  below  the  standard,  when  compared  v.ith 
Dreyer's  Tallies  gave  a  correlation  of  -0,129,  P,  E.  IT  .  06. 
The  I.O.  range  was  from  75  to  148,  with  an  average  of  102.08 
and  a  standard  deviation  of  5.05.   The  percentage  above  or 
below  norrual  weight  had  a  range  from  -32  percent  to  +53 
percent,  with  an  average  of  -8.44  and  a  standard  deviation 
of  4,25.   The  age  range  cf  this  group  is  from  11  years  5 
months  to  17  years  1  month. 

When  this  group  was  divided  into  the  tv»o  sexes,  it  was 
found  that  the  correlaticn  for  the  42  girls  was  -0.218,  P,E,i.C9, 
The  I.Q.  &  range  from  76  to  148  with  c.n  c.verage  of  102.21,  and 
a  standard  deviation  of  15.61.   The  percentage  of  weight 
range  is  from  -30  percent  to  +53  percent,  with  an  average  of 
-8  percent,  and  a  standard  deviation  of  15.96.   For  the  78 
boys  the  correlation  is  -0,058,  P,  E,  t  .07.   The  I.Q.  range  is 
from  75  to  136,  with  an  average  of  102,02,  and  a  standard 
deviation  of  14.72.   The  range  of  the  percentage  of  weight 
is  from  -32  percent  to  +34  percent  with  an  avera^^e  of  -10,88 
percent  and  a  standard  deviation  of  10,51.   Here  we  note  all 
correlations  are  minus  ones,  but  significant. 
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One  sees  by  these  correlations  ;.,  tat  they  are  not  unlike 
those  obtained  when  the  Otis  I.Q,  was  used  as  a  sttindard  for 
mental  development.   Apparently  there  is  littie  difference 
between  the  Otis  and  the  National  Intelligence  Tests,  and 
while  the  Dreyer  Tables  give  consistently  lower  ratings  for 
the  percentage  of  weight,   t-^ey  seem  to  influence  the 
correlation  little   or  none.     .   For  example,  with 
the  sophomores  when  Wood's  Norms  were  used  the  correlation 
was  -0.184,  P.E.  ±.05,  and  when  Dreyer 's  Tables  were  taken 
as  a  standard  the  correlation  was  -0,188,  P.E.  i:.  05.   The 
results  are  not  quite  so  similar  for  the  junior  high  school 
pupils.   There  Wood's  Tables  gave  a  correlation  of  +0,0cJl, 
P.E,.t.05,  while  Dreyer's  gave  -0.138,  P,E.:*:.06. 

It  must  be  recalled,  however,  that  the  two  groups 
while  they  contain  many  of  the  same  children,  are  not 
identical.   Whether  the  results  would  have  been  more  or  less 
uniform  had  the  grcups  been  identical  it  is  difficult  to  say. 
One  is  inclined  to  think  they  would  be  about  as  they  appear 
above  judging  from  the  private  school  correlations. 

As  much  as  one  can  say  about  the  results  is  that  there 
is  a  very  slight  tendency  for  the  pupils  who  are  slightly 
underweight,  as  deternined  ty  these  norms,  to  have  higher 
I.qU  as  far  as  they  can  be  determined  by  these  two  general 
intelligence  tests. 
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CORRELATION  TABLE  FOR  JUNIOR  HIGH  SCHOOL  PUPILS 

Boys  &  Girls      Cases   Range      Mean   S,  D.    r    P.E, 
National  I.Q.       139   75  to  148  106.85  14.85 

Percent  Weight     139   -26  to  +53   -1.64  l£.  21  "^  *  ^'  ~* 
(Woods  Tables) 

Girls 

Nati.nal   I.Q.  84        78   tol48      107.21    14.75 

-0.073  ^.07 
Percent  Weight  84      -26   lO   +53      +0.17    13.50 

(Wood's  Tables) 

Boys 

National  I.Q.       55   75  to  130  102.89  14.40 

+0.  ISl  r.08 
Percent  Weight      55   -24  to  +30   -4.34   9.50 
(Wood's  Tables) 

Boys  &  Girls 

National  IQ.       120   7  5  to  148  102.08  15.15 

— C  129  —  06 
Percent  Weight     120   -32  to  +53   -9.44  12,75 
(Dreyer's  Tables) 

Girls 

National  I.Q.       43   76  to  148  102.21  15.61 

—0  216  —  09 
Percent  Weight      42  -30  to  +53   -8.00  15.96 
(Dreyer's  Tables) 

Boys 

National   I.Q.  78        75  to  136  102.02   14.72 

-0.058  ^.07 
Percent  Weight  78     -32   to  +34   -10.88   10.51 


(Dreyer's  Tables) 
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Private  School  Pupils 

The  private  school  group  of  girls  was  studied  sepjaretely 
as  far  as  the  relet  ion  of  physical  amd  mental  development  ie 
measured  by  standard  norms.   This  was  done  for  several  reasons; 
(l)  they  all  come  from  v;ell-to-do  homes  and  it  vias  thought  a 
comparison  with  the  public  school  children  would  be  especially 
interesting,  (2)  the  school  is  an  open  air  school,  (3)  all 
measurements  were  made  at  one  time. 

Because  of  the  small  number  of  nine  and  ten  year  old 
children,  none  of  the  nine  year  old  children  were  included 
and  cf  the  ten  year  old  group  only  those  whose  nearest 
birthday  was  eleven  years. 

The  group  is  represented  by  girls  from  the  fifth  grade 
up  through  high  school,  with  an  age  range  from  ten  years  and 
seven  months  to  twenty  years. 

Considering  first  the  correlation  between  the  standing- 
height-weight  p-rcent  deviation  (Wood's  Tables)  and  the  trunk 
length-v/eight  percent  deviation  (Dreyer's  Tables)  for  IZ'd 
cases,  we  find  it  to  be  +0.756,  P.E.I.  025.  This  is  the  same 
that  was  obtained  lor  the  college  freshmen,  which  fact  is 
quite  interesting,  in  as  much  as  the  age  range  for  the  two 
groups  is  quite  different.   The  college  students  ranged  from. 
17  years  to  21  ye:,  rs  of  age. 

The  correlaticn  is  perhaps  as  high  as  one  would  expect 
to  find  it  when  one  considers  that  two  distinct  m^easures 
are  being  com.pared,  for  certainWtrurk  length  and  complete 
stature  ane  not  equally  proportional. 
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The  correlation  between  the  standing-height-weight 
percent  deviation  and  I,Q.  ,   derived  from  the  nornie  of  the 
National  tests,  was  -0.136,  P.E.t  .057.   The  I.Q.  ranged 
fron  77  to  138  v/ith  a  mean  of  108,89  and  a  standard  deviation 
of  11.40.   The  percentage  deviation  above  and  below  the  ncmial 
weight-height  index  ranged  from  minus  £7  to  plus  35  percent 
with  a  mean  of  +0,  5c-:. 

This  mean  percentage  of  weight  approximates  that  of  the 
84  junior  high  school  girls  (+0.1?ff).   But  it  differs  con- 
siderably from  that  cf  the  82  Sophor.ore  girls  of  the  public 
schools.  (-6.  5fo), 

The  correlation  between  the  I.Q.  and  the  percent  devr- 
iation  in  weight  v.hen  the  trunk-length-weight  ratio  was 
used  (Dreyer's  Tables)  was  +0.033,  P.E.H.OSS.   The  I.Q. 
range  was  the  same  as  the  above,  as  the  same  individuals 
were  measured.   The  percentc^ge  weight  range  v.as  from  minus 
25^  to  plus  38  io,   a  slightly  greater  range  than  when  the 
Wood's  Tables  were  used.   The  mean  was  -1. £2  percent  and 
the  standard  deviation  was  13.59. 

For  the  private  school  girls  the  mean  deviation  in 
weight  is  practically  the  same  with  the  two  standards,  and 
the  range  is  almost  the  same.   The  mean  percentage  for  the 
college  freshmen  when  the  trunk  length  was  used  does  not  so 
closely  resemble  that  of  the  private  school,  it  being  -4.61 
percent;  for  the  sophomore  girls  in  high  school  it  was  -5.45 
percent  and  for  the  jxinior  high  school  girls  it  was  -8 
percent.   This  certainly  xooks  as  if  the  girls  of  the  private 


«  • 
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school  were  superior  physically  to  the  public  school  pupils 
and  college  freshmen  if  Dreyer's  Tables  are  accepted  as 
standards.   Whether  this  superiority  is  due  to  the  open  air 
school,  to  the  hot  noon  dinner  which  many  of  them  take  at 
school,  or  to  their  home  environm.ent  and  heredity  we  have  no 
means  of  deterir.ining. 

It  is  rather  surprising,  however,  to  find  the  I.Q. 
range  not  higher.   Tv<o  of  the  junior  high  school  pupils 
had  higher  scores  than  any  of  the  private  school  pupils, 
Thisfact  may  be  more  apparent  than  real.   Had  there  been 
norms  above  136  points  there  would  have  been  higher  I.Q, 4. 
Of  the  3S  girls  above  16  years  of  age  all  had  scores  above 
135  points  except  three,  the  22  fifteen  year  old  girls  all 
had  scores  above  136;  of  t he  18  fourteen  year  olds  only  two 
were  below  136;  only  two  of  the  15  thirteen  year  olds  were 
below  136;  of  the  25  twelve  year  old  girls  12  had  scores 
above  138,  tnd  two  out  of  10  of  the  eleven  year  old  girls 
made  scores  above  13  6.   Only  the  younger  children  could 
earn  a  high  I.Q,,  ,  for  by  accepting  136  as  earning  a  mental 
age  of  15  years  6  months,  all  of  the  girls  past  that  age 
could  not  earn  an  I.Q.  of  moxe   than  100,  although  the  scores 
ran  as  high  as  183  points. 

So  far  as  correlations  are  concerned,  however,  whether 
with  one  physical  standard  or  the  ether  in  use  they  are  too 
low  to  be  significant.   With  Wood's  tables  it  is  a  minus 
correlation,  while  Dreyer's  give  a  plus. 
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CORRELATION  TABLE  FOR  FRIV/^TE  SCHOOL  GIRLS 
Caees   Range     Mean   S.  D. 
13k;   -27  to  +35  +0.52   11.79 


Percent  Weight 
(Wood's  Tables ) 

Percent  Weight 
(Dreyer's  Tables) 

National  I.Q, 

Percent  Weight 
(Woods  Tables) 

National  I.Q, 

Percent  Weight 
(Dreyer's  Tables) 


132  -25   to  +39      -1. 22      13. 59 

132  77    to   138   108.89   11,40 

132  -27    to  +35     +0.52      11.79 

132  77    to   135      108.89   11.40 

132  -25   to  +3  9     -1.22     13.59 


r       P.E, 
+0. 7  561. 025 


-0,136^.057 


+0.033^.058 


PERCENTAGE  TABLE 

Private  School  Girls-Ages  10:7    -  20 

Standards       Cases       lOfr  and  below       -2%  to  +  20^  20^  and  above 

Wood's                 132                 15.15                          77,27  9.84 

Dreyer's            132                 29.54                          59.84  10.60 


"Pri'vAte.       Jchool      Lrirls       -        P«.r-ccv\t.    Wci  ^Kt -l»-*^  ^«<.  Lt\^  Q  f  h    a>xi    t-O. 


fv;  f'6i3  .^i,   t.ATf 


'^    ci     ci     ^^     ^    ~0 


!j>i    ^    *-^  -^    <n 


ts    ^ 


l6d'/l>S 


loo-itX 
17-11 

1/-f3 

ir'i' 


II 

/  // 

/  /       / 
/  / 

/  //  //  //  / 


T 


~nr 


/FIT 


I   II  mj  tfu  I'll  Kj 
I 


I 


I 


^ .  V.  0^  ^  !!>  >s  ^ 


•W  <         ■(. 


^     ~J     ~^ 


i. 


f^       <t^       <VV      «^ 


// 
/ 

// 
/ 
//   // 


/     / 


/     /    ' 


1 

I    I 


n — 1 r 


77m V — r 


/    / 


3 

y 
7 
7 

r 

i 
ij 
f 
7 


7 


/ 


'5|'^:^tti\50jr^^«v^r>f^N^     ^^JJ2 


»>i 

i. 

0. 

r.>r  l.  V  A."!"*,     b  £  ^1  oo  I      G- 1  •■  ^  i     —  r*>-<;»nf-  ^  «■  i  "l  Kt-  ji"«  r»».i  (^M  tKi  -i 


Yt 

.  Vi 

^^  ^  -  a./$C    /"•-  1  0^7 


!? 

^ 

<-< 

o^ 

-J 

? 

I     I     1 


'33  -'3i 

//i'-in 
j>r"' 


I     /;  / 

il  II 

I  I 

I  II 

/,/</  U 

I  I 
I 


/lA 


t 
-loi 


I   III    III 


ftp 

7i  -7? 


/      / 


i  u 

I  I         ! 

/ 


7S7 


<5       <r> 

\  I         I 


<^ 


\ 


*•  >^  5  5? 

n  ^  <^  0\ 

,     '      1  '  ,1 

<H        N»  *~  C^  V, 

O   I*  !>  "^  2^ 


/ 

1 

/ 
// 

II 

1 

1 

t   II  I 


"1 — r 


ir 


in  fQiW 


IFTl — r- 


% 

^  >*>  ^   « 

-^-7^ 


lit 

I 

I 

3 

f 

7 
7 
S 

f 


ht- 

•»  rw.      i 

rO. 


t 


v.U^ 

■K'>^ 

^  ^ 


"•^ 


I 


o-     V       -0      '^ 

l'    I     I     I 

N      K>     V      -      tr 


-t- 


+ 
•0 


lit  I  t  I  '       I         t 


Vg     Q.    <jj      fv -^     ya     (S,    ^ 


V> 


V^     V>     oj     ^jo    <^    ^*> 


VA/ood 


/ 

0 

3 

d 


li 


i 

// 

IX 

I 
f 

H 
% 

I 

I 

I 

3 


»J0 


•^    ■*.■«*--.    t*i 


Via 

u> 

S^ 

^     -t    vo    >i     V 


^'    > 


-  If-J-I 

-lo-ix 
'7'  i 


til  f 
ti'^lX 
i-i7'/i 

-^3^-33 

.JdtJL 


t  X 

-If 
-1-  r- 

O 
-  i 

til   f 

■/■/y-/2. 

■t/7'/r 

-I2C^¥ 

o 
V 


7^ 


£ 


C) 


t 

< 

-X 

c 

T 
0 


o 
T 
1 


-d 

1 
(» 

■y 


1    1 


-I- 


1 

3- 
■« 

t 

rl 


T 


107 


Freshmen  Collep;e  Students 

The  follo'.7ing  physical  measurements  were  made  on  the 
freshmen  college  students;  standing  height,  trunk  length, 
weight  without  clothing,  chest  circumference  -.nd  vital  ca- 
pacity.  All  of  these  were  made  the  same  day. 
The  intelligence  tests  that  were  given  to  them  were  the 
Columbia  Intelligence  Test,  Form  B  and  the  Hopkins  te^ts: 
Number  Te  ts  I  and  II  a.nd  the  Omitted  Letter  Test,  Memory 
Tests  I  and  II  and  the  Symbol  Tests  I  and  II.   these  were 
given  shortly  after  the  physical  measurements  were  made. 

The  percentage  above  or  below  weight  was  computed  by  the 
various  standards.   (1)   The  weight-height  index  wao  compared 
with  the  weight-height  index  derived  from  Wood's  To.bles  and 
the  percentage  -above  or  below  normal  obtained.   As  there  were 
some  students  more  than  lo  years  of  age,  and  as  Wood's  Tables 
end  with  age  13,  the  Life  Insurance  standards  were  used  for 
the  "adult"  students.   (2j  The  percentage  above  or  below 
v/eight  was  computed  from  Dreyer's  Tobies,  using  only  trunk 
length  and  weight.   (3)  The  Percentage  above  or  below  stan- 
dard weight  v/as  computed  from  Dreyer's  Tables  using  the 
average  of  the  trunk  length  plus  the  chest  circumference  and 
weight,  or  the  complete  Dreyer  Formula.   (4;  The  percentage 
above  or  below  the  norm  for  vital  capacity  v/a.?  computed  by 
using  Dreyer's  Tables  for  trunk  length  plus" chest  measure- 
ment and  vital  cap^vcity. 
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A  comparison  of  these  various  physical  standr^rds  r:ere 
made  and  the  following  results  obtained. 


Cases  R- nr.'e  Percent  Averap:e  S. D.   r.     p.S. 
^.^eight-height  Index  51   -IS  to  55    l.^l'/o     10.77 


w, 


(Tfood's   Tables) 


(2) 


+  e.757,t.o4 


Weight-Trunk   Length     5I        -;>0  to     J,2        -h,^\'/o     12.27 
(fDreyer's   Ta.bles) 


Weight -Trunk  Length     46       -30  to     32       -4.o4;t     12. 65 
(Dreyer's   Tables) 


^0.563,t.06 
(^) 

Weight-Trunk  Length  46   -31  to   11   -13.67fo  11.20 
(Dreyer's  Tables) 

These  correlations  between  the  various  physical  standards 
shov;  that  the  S9.me  thing  is  being  measured.   It  is  somerhat 
surprising  that  the  correla^tion  between  Dreyer's  two  stan- 
dards does  not  exceed  O.56;,  P.E.t. OS  The  difference  in  the 
averages  is  quite  significant  -  a  difference  betvreen  -4.04^ 
and  -13.67/0.   Here  it  wa,s  especially  noticeable  that  when  the 
chest  circumference  was  used  in  conjunction  'vith  the  trunk 
length,  it  was  the  obviously  fat  girls  who  were  ;r,ost  under- 
weight.  To  cite  one  case: 
Girl:  Age:   18  years  S  months 

Standing  height:    oO  inches 

Trunk  lenf];th:    31 '^  inches 
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Weight:   13S  pounds 

Chest  measurement:    3^  inches 

Vital  capacity:    2600  c.c. 

Her  percentage  of  weight  was  the  following  '.vith  the  various 

standajds. 

Weight-Height  index:  ~t   2b  percent 
(TVood'  s  Tables; 

Weight -Trunk  Length:  +  32   " 

Weight -Trunk  Length  & 

chest  circumference:  -1^   " 

Vital  capacity:       -27   " 

Correlations  between  the  various  physical  standards  and 

the  Columbia  Intelligence  Scores  were  secured.   -^here  was  a 

minus  correlation  in  every  case  but  the  amount  oi  the  correl-' 

ation  varied. 

College  I'reslimen 

Correlations  between   several   physical   standards  & 
Columbia   Intelligence   Scores,   Form  B. 

Physical    Standard     Cases   Ranf-ce  Averapje     S.D.      r.        P. 2. 

Weight-Height    Index     ^7   -IS  to   35        2.32        10. S   -0. 132^.09 
Per  cent  ar^e  of   Normal 
(Wood's   Tables) 

Weight-Trunl:  Leng-th     52  -30  to   32     -4.75        12.25   -0.31?t.C3 
(Dreyer's   Tables) 

Weight-Trunk   Length     4b   -31   to   11   -13- o9        11.2  -0A"3     ±07 
&   Chest    Circuffi. 
(Dreyer's  Tables) 

Vital   Capacity  33   -29   to   25      -4.93        12.   0   -0.2' :  £.105 

The   correlation  with  the  7,'eight -trunk   .^ength  plus   chest 

circumference  is  the  most    significant   one,    and  but  for  the 
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fact  that  when  the  chest  circumference  was  included  the  results 
seemed  doubtful,  it  might  ha.ve  been  the  most  useful.   Even 
though  minus  it  shov^ed  a  correlation  that  might  bear  investi- 
ga.tion. 

The  correlaticr.  of  the  next'iighest  significance  is  that  of 
Dreyer,  using  weight  and  trunk  length.   It  was, therefore, 
decided  to  use  it  as  the  physical  standard  with  which  to  cor- 
relate the  Hopkins  tests,   -fifty-two  cases  were  used.   The 
following  table  shows  the  results,  in  the  order  in  which  the 
tests  were  given. 

Tests         Possible  Range  Average  S.D.    r.     P.  2. 

Score 

Number  Test    I  31-170  S5.CI  26.21  -O.I6S  .09 

Symbol  Test    I  72  22-56  39-59  6.55  -O.I6S  .09 

Memory   I  72  S-72  41.69  21.09  -0.057  -09 

Symbol   Test    II  72  27-57  ^3.23  6.57  -U.246  .08 

liemory   II  72  0-72  55.5  19.49  -0.049  .09 

Omitted  Letter  63  21-61  3S.36  37-44  -O.0909  .09 

Number  Test   II  36-214  IO7.92  31.56  -0.159  .OS 

IfThile  the  results  are   all  negative  they  are   so   lo"  as   to 
be   of   little   or   no  value.      It    simply  means   that  with   special 
tests  as  well   as  with  so-called  general   intelligence  tests 
there  is  no   correlation  between  5^ysical  state  of  develo  >ment 
as  measured  by  the  relation  of  trunk   length  and  weight   and 
intelligence  as  measured  by  these  specific  tests. 

To  be   sure,    one  might   argxie  that  the  inte'' ligence   tests 
are  not  test^j  of  intelligence  and  therefore  the  above  state- 


Ill 


ment  as  to  the  relation  of  the  physical  and  mental  develop- 
ment will  not  stand.   Yet  when  we  consider  that  correlations 
as  high  as  O.65  have  been  obtained  bet\Yeen  intelli[^ence  tests 
and  scholastic  attainment,  we  are  forced  to  admit  the  intel- 
ligence tests  do  test  so'-'ie  ability  whatever  it  may  be  called, 
v.'hich  is  necessary  to  success  in  intellectual  pursuits.   Un- 
fortunately the  writer  has  not  been  able  to  secure  o.ny  metrical 
studies  which  shov/  that  relations  between  percentage  above  or 
below  weight  of  the  norms  in  use  and  a  state  of  health  have 
been  worked  and  statistically.   This  leads  us  to  suppose  that 

the  norms  we  have  are  inadequate,  or  that  a  percentage  below 
or  that  there  is  some  compensatory  factor 
the  normal  weight  does  not  seriously  handicap  one,^such  as 

glandular  secretions  which  accounts  both  for  the  underweight 

and  the  mental  activity,  or  else  that  there  is  no  relation  of 

any  significance  between  the  physical  and  mental  development. 

The  purpose  of  the  various  Hopkins  tests  will  be  re- 
called.  It  was  thought  that  the  difference  between  the  first 
and  ls.st  Number  Tests  would  show  whether  or  not  fatigue  had 
entered  by  affecting  the  power  of  attention.   To  estimate  this 
the  score  from  the  last  test  was  deducted  from  the  score  in 
the  first  test,  the  re  ult  being  recorded  plus  or  minus. 
There  was  a  range  of  -5^  toi-y,  with  an  average  of  -22.9,  show- 
ing that  fatigue  did  not  injure  the  subject's  attention,  but 
indicating  rather  that  practice  hr.d  had  its  effect  in  securing 
en  increase  in  score. 

The  differences  between  the  tw?  Symbol  Test  scores  were 
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also  computed  xvith  the  idea  of  notino;  the  effect  of  inter- 
ference in  learning,  an-  the  same  key  letters  h:d  been  used  for 
the  two  different  symbol  sheets.   This  te.  t  of  substitution  is 
a  test  to  bring  out  the  uickness  of  learning.   First,  it 
deter;riines  the  speed  with  which  a  lea.rner  con  build  up  new 
associations;  second,  it  is  in  part  a  memory  test.   This  dif- 
f :rence  was  like-lse  obtained  by  deducting  the  second  score 
from  the  fiBSt  score  c.nd  recording  the  difference  as  plus  or 
minus.   There  r;as  a  range  of  -2^  to+  S,  and  an  average  of 
-3.63.   Here  again  we  find  there  was  no  interference. 

Then  the  difference  between  the  two  Memory  Tests  was 
found  to  show  no  interference,  but  rather  favorable  practice 
effects.   The  range  wa~  -59  to*- 20  with  an  avera.ge  of  -10.3^ 

Finally  the  correlation  between  the  differences  of  these 
three  types  of  tests  o.nd  the  percentage  of  weight  were  correl- 
ated.  The  results  are  recorded  below. 

Test  Range    Average  3.D.    r.      P.E. 

Difference         -54to-t-7   -22.9   13.0St-0.046  1  .09 
Number  Test  I  ^   II 

Difference         -2^  to-<-S   -3.63   6.%^-O.OSO  t  .09 
Symbol  Test  I  &    II 

Difference         -59  toK'O  -10. 3^   22.25+ 0.04S   ±.09 
Memory  Test  I  &  II 

While  thes3  correlations  are  so  low  there  is  no  signif- 
icance to  be  attached  to  them,   the  fact  that  they  are  plus 
indicates  that  those  who  are  most  underweig'.t  tend  to  do 
slightly  better  or  to  make  greater  gain  in  the  last  test  over 
the  first  than  those  who  measured  up  to  or  above  the  stan- 
dards of  v/eigat. 
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Hopkins  Tests 

The  students  to  whom  the  Hopkins  specitl  tests  were 
given  were  divided  into  a.ge  grours.   Then  for  each  age 
correlEtions  were  made  betv/een  the  score  of  each  cf  the 
seven  Hopkins  tests  and  the  percentage  of  trunk-length- 
weight  deviation  from  tne  norm,  using  Dreyer's  tables  as  a 
standard  of  reference.   The  tables  below  show  the  results. 

In  Number  Test  I  the  correlation  for  cill  ages  is  with- 
out significance.   The  highest  plus  one  is  +0.231  for  the 
thirteen  year  old  group  and  the  highest  minus  one  is  -0.110 
for  the  twelve  year  old  group. 

The  sume  results  obtain  for  all  the  other  separate 
tests.   In  Symbol  Test  I  the  thirteen  year  old  group 
had  the  highest  plus  correlation  +0.115  and  the  twelve 
year  old  group  the  highest  minus  of  -0..062. 

In  Memory  Test  I  the  highest  plus  corr.lation  is  that 
of  the  fourteen  year  group  with  +0,173  and  the  highest 
minus  one  is  made  by  the  fifteen  year  group  -0.137. 

In  the  Symbol  Test  II  tne  only  minus  cor: elation  is 
that  of  the  twelve  year  olds  -0,239,  but  all  the  plus  cor- 
relations of  the  otner  age  groups  are  insignificant. 

In  the  Memory  Test  II  the  thirteen  year  group  has 
the  highest  minus  correlation  -0.  oc-3.   All  others  are  too 
small  to  mean  anything. 

For  the  Omi:;tel  Letter  Test  no  correlation  is  above 
-?. 159  and  +0. 123, 

In  the  Number  Test  II  similar  insignificant  correlations 
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are  shovm  for  all  age  groups. 

From  these  reiults  one  can  not  say  that  any  one  age 
group  is  more  variable  than  another.   All  vary  on  ':he  plus 
or  minus  side,  but  cluster  near  the  zero  point. 

The  results  from  the  special  tests  are  in  accord  with 
those  of  the  group  tests,  and  lead  one  to  the  conclusion 
that  the  physical  and  mental  development  are  largely  inde- 
pendent of  each  other.  That  is  if  by  physical  we  mean  the 
weight-height  ratio  when  compared  v/ith  accepted  standards; 
and  if  we  measure  mentd  development  by  accepted  "intelligence" 
and  psychological  tests. 

There  is  also  a  gain  in  the  Memory  Test  II  over  the 
score  of  Memory  Test  I,  but  no  consistent  gain  from  the 
younger  to  the  old  group.   In  this  case  the  thirteen  year 
and  sixteen  year  groups  made  the  greatest  gain.   That  does 
not  signify  they  have  better  memories  for  those  two  age 
groups  had  the  lowest  average  scores  on  the  first  f/emory 
Test,  but  it  does  mean  they  made  gre- t</t;improvement  in  the 
second  over  the  first  than  the  other  age  groups. 

The  table  of  averages^  does  reveal  the  fact  that  with  the 
passing  of  years  more  work  can  be  accomplished  v/ithin  a  cer- 
tain time  limit.   In  Number  Test  I  there  is  a  steady  increase 
in  the  mean  from  age  12  to  18  and  above.   In  the  Symbol  Test 
it  is  true  except  for  the  13  year  group  who  drop  lower  than 
the  twelve  year.   In  the  Memory  I  te^-t  the  14  year  old  group 
is  beot,  then  comes  the  12  year  old,  next  the  15  year, 
followed  by  the  15  year  old  and  the  13  year  old  group  is 
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again  lowest.   In  Syir.bol  Test  II  there  is  ttie  constant  im- 
provement except  for  &  very  slight  drop  in  the  13  yec<.r 
group.   In  the  Memory  II  Test  the  15  year  gr .up  has  the 
lowest  average  end  ohen  the  14  year  group  next.   There  is  such 
vurifcition  in  the  results  of  the  two  Memory  tests  that,  from 
them,  one  can  not  suy  that  at  any  given  cige  memory  is  best. 
In  both  the  Omitted  Letter  Test  and  Number  Test  II  the 
cons-tant  improvement  from  year  to  year  is  shovm. 

One  cannot  say  that  the  improveinent  is  alone  due  to 
innate  mental  development  or  growth,  as  all  the  tests  are 
learning  tests  and  tests  based  upon  learning. 

When  the  scores  of  Number  Test  II  were  subtracted  from 
Number  Test  I,  we  also  find  a  steady  minus  increase  which 
means  that  et^oh  older  age  group  made  a  hi,jher  score  on  the 
second  test  than  on  the  first  one.   Fatigue  then  lessens 
with  increase  in  years. 

Symbol  Test  II  scores  were  also  subtracted  from  those 

of  Symbol  Test  I.   Here  we  find  the  12  year  old  group  made 

score 
a  slightly  greater^ in  the  second  over  the  first  than  any 

other  age,  although  t&oeeof  age  groups  15  and  15  -wer^ 
approximately  the  same.   But  as  all  groups  trained  in  the 
second  test  there  wis  clearly  no  .nterference  from  the  first 
test. 

When  the  difference  betv.een  Number  Test  II  minus 
Number  Test  I  was  calculated  to  see  the  fatigue  effects 
of  one  hour's  constant  work  under  pressure  we  find  again 
insignificant  correlations  v.ith  the  percent,  ge  trunk-length- 
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height  ratio  deviation  showing  that  fatigue  did  not  enter 
in. 

The  same  was  found  to  be  the  case  when  the  scores 
of  Symbol  Test  II  were  subtracted  from  Symbol  Test  I, 
and  those  of  Memory  Test  II  were  subtracted  from  Memory 
Test  I, in  order  to  see  if  there  had  been  any  interf enenge. 
The  -0.343  of  the  12  year  group  in  the  difference  in 
memory  scores  means  that  there  was  a  slight  tendency 
for  the  heavy  children  to  make  greater  improvenent  on 
the  second  over  the  first  score. 
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TABLE  of  CORRELATIONS 
with  PERCENT-WEIGHT -TRUNK  LENGTH 
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Tests 

1.  Number  I  33  -0.110  3  6  +0.231  57  +0.153  103  -0.036  148  -0.084 

2.  Symbol  I  58  -0.055  50  +0.113  85  +0.113  125  +0.085  186  -0.058 

3.  Memory  I  33  -0.12?  35  +0.053  57  +0.172  103  -0.137  148  +0.074 

4.  Symbol  II  33  -0.229  36  +0.073  57  +0.144  103  +0.058  1*8  +0.046 

5.  Memory  II  33  +0.174  36  -0.223  6V  +0.111  103  -0.083  148  +0.030 

6.  Omitted  58  +0.123  50  +0.102  85  -0.076  125  +0.022  186  -0.159 
Letter 

7..  Number  II  33  -0.095  35  +0.113  67  +0.199  103  -0.075  148  -0.125 

8.  Difference  33  +0.027  35  +0. 005  57  -0.128  103  +0.141  145  +0.050 
Number  I-II 

9.  Difference  33  -0.398  36  +0.244  67  -0.010  103  -0.019  148  -0.068 
Symbol  I-II 

10.  Difference  33  -0.343  36  +0.243  67  +0.055  103  -0.056  148  +0.021 
Memory  I-II 
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TABLE  of  AVERAGES 


Tests 

Number  I 

Symbol  I 

Memory  I 

Symbol  II 

Memory  II 

Omitted 
Letter 

Number  II 

Difference 
Number  I-II 

Difference 
Symbol  1-1 L 

Difference 
Memory  I-II 

Percent- 
Weight 
Trun.L  Length 

Percent- 
Weight 
Trunk  Length 


08 

ODCO  CD  OOtD  (/)CD0  CO  0)(U 

.  CO        cd  ,  (O  d        '(O  J)  •  O)  a)  vo  do 

0ajc\3<u        oaj       too)      OaJ         '^  Oi  ocrt     i^J  O)  OaJ       cD  O)  x^ 

33    57.36  36   63.08    6?    56.52  103    7  5.55  148   7  6.93 

58   32.44   50  31.  S4  85  33.52  125  34.30  186  38.29 

33   49.45  3  5  41.25  67    50.58  103   48.67  148   43.69 

33   34.36  36  34.16  67   36.43  103   37.51  148   40.29 

35    54.45  36   54.94   67   54.17  103   53.32  148   57.40 

58   23.43    50   26.76  85  32.09  125  32.35  186  35.99 

33    64.93   36  77.58    6'r    86.40  103   55.05  148   97.90 

33    -7.57   36   -14.5   67-19.88  103-18.10  14S-S1. 37 

33    -5.34   36   -4.50   67   -4.31  103   -5.  51  148   -5.66 

33    -5.00  36   13.0V    67    -3.50  103   -3.20  148-13.40 

33    -S.30  36  -3.03   67    -7.52  103    -8.66  148   -4.34 

58   -4.43    50   -5.30  85  -6.38  125  -7,37  185   -4.04 
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AGE  GROUP  12 


Test 


No.  Cases  Range  Average  S.  D,   Coef .  of  Correl, 

with  Percent  Wtr 


Trunk  Length. 

ilimber  I 

33 

21-101 

57.36 

22.63 

-0.110, 

P.E.  +  .115 

Synbol  I 

58 

7-71 

32,44 

10.52 

-0.063, 

P.E.I.  088 

Memory  I 

33 

5-72 

49.45 

17.60 

-0.127, 

P.E.i.  115 

Symbol  II 

33 

19-70 

34.36 

10.75 

-0.229, 

P.E.i.lll 

Memory  II 

33 

14-72 

54.45 

18.88 

+C.174, 

P.E.X113 

Omitted 
Letter 

58 

0-45 

23.43 

8.08 

+0.123, 

P.E.t.087 

Number  II 

33 

11-126 

64.93 

29.37 

-0. 096 , 

P.E.t.116 

Difference 
Number  I-II 

33 

-37-+13 

-7.57 

12.60 

+0.  027  , 

P.E^i.ll? 

Symbol  I-II 

33 

-27 -+9 

-5.84 

7.61 

-0.298, 

P.E.  :^.106 

Memory  I-II 

33 

-55-+45 

-5.00 

16.89 

-0. 343 , 

P.  E.  1. 114 

io   Weight- 
Trunk  Length 

33 

-32 — I-2S 

-9.9 

13.60 

io   Weight- 
Trunk  Length 

58 

-3 2 -+39 

-4.43 

15.51 
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AGE  GRn.jP  13 


Test  No.  Cases  Ri:.nge  Average  S.  D.  Coef.  >f  Correl- 
ation with  %  V.t-Tr.  L 

Number  I  36  15-123  63.08  27.44  +0.231,  P.E.  ±.106 

Symbol  I  50  10-49  31,24  8. 29  +0.115,  P.E.  i .  093 

Memory  I  36  11-72  41.25  20.49  +0.033,  P.E.  1.112 

Syn:bol  II  36  3-56  34.16  9.33  +0.073,  P.E.  i .  Ill 

Memory  II  36  15-72  54.94  19.26  -0.223,  P.E.  i .  105 

Omitted  50  11-50  26.76  8.76  +C.102,  P.E.  i:.094 
Letter 

Number  II  36  20-181  77.58  38,72  +0.113,  P.E.  ^.110 

Difference  35  -58-+16  -14.5  15.34  +0.005,  P.E.  1.112 
Number  I -I I 

Symbol  I-II  3  6  -23-+18  -4.5  7.15  +0.244,  P.E.  i.  105 

Memory  I-II  3  6  -59-+39  -13.97  20.5  +0.243,  P.E.  -.105 

Percent  Wt.-  36  -30-+53  -S.03  16.58 
Trunk  Length 

Percent  Wt.-  50  -30-+53  -5.3  15.99 
Trunk  Length 
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AGE  14 


Tests 

No.    Gas 

es  Range 

Average 

S.D.      1 

( 

Number  I 

67 

20-120 

66.53 

32.43 

Symbol   I 

85 

8-56 

33.53 

8.96 

Memory   I 

67 

3-72 

50.58 

30.25 

Symbol   II 

67 

33-54 

36.49 

6.97 

Memory   II 

67 

0-73 

54.17 

33.15 

Omitted 

85 

13-61 

33.09 

9.56 

Letter 

Number  II 

67 

33-146 

86.4 

31.14 

Differenee 

67 

-85-+11 

-19.88 

16.53 

Number  I-II 

Symbol  I-II 

67 

-19-+20 

-4.31 

6.64 

Memory  I-II 

67 

-43-+52 

-3.  50 

18.60 

Percent  Wt.- 

67 

-28-+36 

-7.53 

13.24 

Trunk  Length 

Percent  Wt.- 

85 

-38-+37 

-6.38 

13.83 

Trunk  Length 

S.D.   Coef  of  Correl.  with 
^>  Wt. -Trunk  Length 

+0.153,  P.E.t.080 


+0.113,   P.  E.  1.073 
+0.17  3,   P.E.  t.079 

+0.144,  p.E.t.oeo 

+0.111,P.E.  r.081 
-0.076,    P.E.-.073 

+0.199,    P.E.I,  079 
-0.128,    P.  E.  1,08 


-0.010,    P.E.  i.08 
+0.055,   P.E.  i.  08 
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AGE  GROUP  15 


Test 

No.  C< 

Number  I 

103 

Symbol  I 

125 

Memory  I 

103 

Symbol  II 

103 

Memory  II 

103 

Omitted 

125 

Letter 

Number  II 

103 

Difference 

103 

Nurr.ber  I-II 

Symlol  I-II 

103 

Memory  I-II 

103 

Percent  Wt, - 

103 

Trink  Length 

Pass 
No.  Cases  Range  Mean  Score  S.  D, 


Percent  Wt. - 
Trunk  Length 


125 


0-190  75,55 

18-54  34.30  72 

1-7  2  48,67  72 

0-58  37,51  72 

0-70  53,32  72 

2-60  32.35 

0-161  95,05 
-61 -+59   -18.1 

_24-+36  -5,51 
-65-+59  -3,20 
-27 -+22  -8,66 

-2? -+25   -7.37 


27.80 
7,68 

23,79 
8.25 

23,19 

10.35 


Coef.    of  Correl, 
with  f«  Wt.  -Trunk 
Length 
-0,036  P.E,t,^66 

+0,085  P.E,t.060 

-0,137   P.E.t.065 

+0,098   P.E.t.065 

-0.083  P,E,t.066 

+0.022  P.E,+.060 


33.10  -0,07  5  P.E.  ±,066 

15,30  +0.141  P.  E,  1,065 

7,41  -0.019  P.E,'!:,066 

24.85  -0.056  P.  E.I.  066 
10.32 

11.07 
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AGE  GROUP  16 


Test 

Number  I 

Symbol  I 

Memory  I 

Symbol  II 

Memory  II 

Omitted 
Letter 

Number  II 

Difference 
Number  I -I I 

Syir.bol   I-II 

Memory  I-II 

Percent  Wt. - 
Trunk  Length 

Percent  Wt. - 
Trunk  Length 


Pass 
No,  Cases  Range  Mean  Score 


148 

9-179 

?  6.  93 

27.45 

186 

0-65 

38.29 

72 

10.  32? 

148 

0-72 

43.69 

72 

22.29 

148 

22-70 

40.29 

72 

8.31 

148 

0-72 

57,40 

72 

19.71 

186 

9-62 

3S,99 

8.97 

148 


0-219  97.90 


148  -56  -+16  -21.27 

148  -32-+34   -5. 66 

148  -62-+51  -13.40 

148  -28-+36  -4.34 

148  -28-+36  -4.04 


Coef.  of  Correl. 
S.  D,  with  f^o  Wt. -Trunk 
Len-th 

-5.084  P.E.t.055 

-0.058  P.E.  ±.049 

+0.074  P.E.t.055 

+0.046  P.E.  1.055 

+0.030  P.E. +.055 

-0.159  P.E.  r.  048 

34.00   -0.125  P.E.t.054 
10.41   +0.050  P.E.  i,  055 

8.16  -0.068  P.E.  1.055 
21.75  +0.021  P.E.  ^.055 
13.11 

13.05 
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NUMBER  TEST  I 

Age   .\'o.  cases   Range  Average  S, D,   Coef.  of  Correlation  with 

Percent  Wt. -Trunk  Length 

-0.110,  P.E.  t.  115 

+0.831,  P.E.  r.  106 

+0.153,  P.E.  ±,080 

-0.036,  P.E.  ir.  115 

-0.084,  P.E.  ^.055 


12          33 

21-101 

57.36 

22.  63 

13          36 

15-133 

63.08 

27.44 

14          67 

20-120 

66.52 

22.42 

15        103 

0-lSO 

75.55 

27.80 

16  &   148 

9-179 

76.93 

27.45 

above 

NUMBER  TEST  II 

Age  No.  Cases  Range  Average  S. D.   Coef.  of  Correlation  with 

Percent  Wt. -Trunk  Length 

-0.096,  P.E.   i.iie 

+0.113,  P.E.    i.llO 

+0.199,  P.E.    ^.079 

-0.075,  P.E,    ±.066 

-0.125,  P.E.    i.054 


12 

33 

11-126 

64.93 

29,37 

13 

36 

20-181 

77.58 

38.72 

14 

67 

23-146 

86.4 

31.14 

15 

103 

0-161 

35.05 

33.10 

16  & 

148 

0-219 

97.90 

34.00 

125 


SYMBOL  I 

Age  Mo.  Cases   Range  Average  Pass  Score  S.D.  Coef.  of  Correlation 

with  Peicent  Wei^'ht- 
'  ruriiC  Length. 

-0.063   P..E^±^083 

+0.115,  P.E.  1.693 

+0.113,  P.E.  -.072 

+0.085,  P.E.  i.060 

-0.058,  P.E.  :r.049 


12    58 

7-71 

32.44 

72 

10.52 

13     50 

10-49 

31.24 

72 

8.29 

14    85 

8-56 

33,  52 

72 

8.96 

15   125 

18-54 

34.  30 

72 

7.58 

16&  186 

0-65 

38.29 

72 

10.17 

above 

- 

SYMBOL  II 

Age  No.  Cases  Rs^nge  Average  Pass  Score  S.D.  Coef.  of  Correlation 

with  Percent  Weight- 
Trunk  Length 

-0.229,    P.E.   i.lll 

+C.073,  P.E.  +.111 

+0.144,  P.E.  +.080 

+0.098,  P.E.  i.065 

+0.046,  P.E.  1.055 


12    33 

13-70 

34.3  6 

72 

10.  V  5 

13    36 

3-56 

34.16 

72 

9.33 

14    87 

23-54 

36.49 

7  2 

6.97 

15   103 

0-58 

37.51 

72 

8.25 

16&  148 

22-70 

40,89 

72 

8.31 

above 
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MEMORY  TEST   I 


A^e  No.  Cases  Range  Average  Pass  Score  S.  D.   Coef.  of  Correl- 
ation with  Percent 
Weight-Trunk  Length 
-0.127,  P.E.i.il5 

+0,033,  P.E.  ±.112 
+0.172,  F.E.  ±,079 
-0.137,  P.E.  ±.065 
+0.074,    P.E.     .055 


12 

33 

5-72 

49.45 

72 

17.60 

13 

36 

11-72 

41.25 

73 

20.48 

14 

67 

2-7  2 

50.58 

72 

20.25 

15 

103 

1-72 

48.67 

72 

23.  79 

16 

148 

0-72 

43.69 

72 

22.29 

MEiraRY  TEST   II 


Age  No.    Cases     Range  Average  Pass  Score     S. D.      Coef.    of  Correl- 
ation vvith  Percent 
Weight -Trunk  Length 
+0.174,    P.E.  i  .113 

-0.223,  P.E.  ±.106 

+0.111,  P.E.  r.081 

-0.083,  P.E.  ±.066 

+0.030,  P.E.  i.055 


12          33 

14-72 

54.45 

72 

18.88 

13          36 

15-72 

54.94 

72 

19.  S6 

14          67 

0-72 

54.17 

72 

22.15 

15        103 

0-70 

53.32 

72 

23, 19 

16&      148 

0-72 

57.40 

72 

19.71 

above 
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OMITTED   LETTER 

Age  No.    Cases     Rcoage     Average      S.D.      Coef.    of  Correlation  v.ith 

Percent  ?/eight-Trunk  Length 

+.123         P.E.  ±.087 

+0102,    P.E.       +.094 

-0.076,    P.E.    +-.072 

+0.022,    P.E.     +.060 

-0.159,    P.E.   i^.048 


12          58 

0-4  5 

23.43 

8.08 

13           50 

11-50 

26.76 

8.76 

14          85 

12-51 

32.09 

9.56 

15        1£5 

2-60 

32.35 

10.35 

16&     186 

9-62 

35.99 

8.97 

above 

DIFFERENCE  DUMBER  TESTS  I-II 


Age  No.  Cases  Range  Average  S.D.  Coef.  of  porrelation  with 

Percent  Weight-Trunk  Length 

-37-+13   -7.57  12.60  +0.  027  ,  P.  E..  -  .  117 

-58-+16   -14.5  15.34  +0.006,  P.E.  i  ,  113 

-85-+11   -19.88  16.52  -0.128,  P.E.  -.080 

-61-+59   -18.10  13.30  +0.141,  P.E.  -.065 

-56-+16  -21,  i7  10.41  +0.050,  P.E.  -.055 


12 

33 

13 

36 

14 

67 

15 

103 

16 

148 

128 
DIFFERENCE  SYMBOL  TEST  I -I I 

Age  No.  Cases  Range  Average   S.  D.   Coef.  of  Correlation  with 

Percnet  V/ei^;ht-Trank  Length 

-0.298,  P.E.  ±  .106 

+0.244,  P.E.  1.105 

-Q,  010,  P.E.  11.080 

-0.C19,  P.E.   1.066 

-0.068,  P.E.   1.055 


12    33 

-27 -+9 

-5.84 

7.61 

13    36 

-23 -+19 

-4.5 

7.15 

14    67 

-19-+20 

-4.31 

6.64 

15   103 

-24 -+36 

-5.51 

7.41 

16&   148 

-3 2 -+35 

-5.65 

8,16 

above 

DIFFERENCE  MEMORY   TEST   I-II 

Age  :io.    Cases  Rt^nge     Average        S.  0.      Coef.    of  Correlation  '.vith 

Percent  Weight-Trunk  Length 

-55-+45  -5.00  16.09  -0.43,    P.E.  1.  114 

-59-+39  -13.97  20.60  +0.243,    P.E.I.  105 

-43-+52  -3.50  18.  SO  +0.055,    P.E.I  C80 

-65-+59  -3.30  14.91  -0.056,    P.E.  1.066 

-52-+51  -13.40  21.75  +0.021,   P.E.  1.055 


12 

33 

13 

36 

14 

67 

15 

103 

16& 

148 

above 
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The  table  belov;  shov/s  the  average  difference  '..hen  the 
scores  of  Nuir.ber  Test  II  are  subtracted  from  the  scores  of 
Number  Test  I  for  the  three  "nutritional"  sections,  under- 
weight, normal  and  overweight,  of  each  age  group, 

DIFFERENCE  BETWEEN  NUMBER  TESTS  I-II 
Ages  No.  Cases  IC^c  &  below    -9fo  to  20fo     20^t   &  above 


12 

33 

-5.35 

Cases 
20 

-12.  54 

Cases 
11 

-2.5 

Casess 
2 

13 

36 

-12.21 

19 

-19, 80 

15 

+3.5 

2 

14 

67 

-18.3 

35 

-19.  a 

28 

-29,7 

4 

15 

103 

-19.2 

48 

-16,7 

54 

-13.0 

1 

16 

148 

-22.6 

60 

-20.0 

78 

-21.5 

10 

All  groups  at  al  1  ages  make  a  gain  in  the  second  test 
except  the  "overweight"  13  yec.r  old  group.   At  the  ages  12 
and  13  it  is  the  "normal"  grouc  that  shov/s  the  greatest  gain. 
In  year  14  the  "overweight"  group  make  the  greatest  gain  on 
an  average.   However,  in  years  15  and  16  it  is  the  "under- 
weight" group  that  makes  the  greatest  gain.   The  results 
here  are  so  diverse,  one  cannot  say  t^.at  any  one  "nutritional 
group  is  consistently  better  then  another.   The  number  of 
cases  in  the  "overweight"  group  are  entirely  too  few  to 
carry  much  significance  with  their  results  ,^  hov;ever,  it  is  in 
one  year  only  (14)  that  they  excel!  the  other  two  groups. 
On  the  other  hand  the  "underv.'eight*  excells  twice,  while 
the  "normal"  shares  honors,  also  leading  twice. 

So  far  as^the  fatigue  element  is  concerned  it  is  shown 
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only  once  and  that  is  with  the  IS  year  "overweight"  gr^up. 
They  have  c.n  average  of  +3.5,  which  means  that  they  made 
slightly  better  scores  on  the  first  number  test  than  on  the 
second,  and  laziness  may  explain  that.   All  the  other 
"nutritional"  groups  at  all  ages  have  a  n.inus  sign  which 
means  that  they  made  higher  scores  on  the  second  test  thc.n 
they  did  on  the  first,  and  therefore  show  no  fatigue  signs, 

DIFFERENCE  BETWEEN  MEMORY  TEST  I -I I 


Ages 
12 

No.  Gas 
33 

es 

10'; 

and  Bel 
-4,30 

ow 

-9fi  to  +20f« 
-3,00 

ZOfo 

and  Above 
-24, 00 

13 

36 

-14.31 

-17,26 

+14, : 0 

14 

67 

-2.90 

-4,70 

-1,25 

15 

103 

-2,50 

-3.80 

-23,00 

16 

148 

-14.  30 

-12. 50 

-17.30 

With  these  tests  again  it  is  the  "overweight"  group 
of  13  v«rhich  aline  does  n<it  make  an  improvement  in  the  second 
score  over  the  first.   With  the  12,  15,  and  16  year  groups 
it  is  the  "overweight"  group  which  makes  the  greatest  gain, 
thereby  showing  the  least  interference,  but  at  13  and  14,  it 
is  the  "normal"  group  that  are  least  affected. 
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DIFFERENCE  BETWEEN   SYMBOL  TEST   I -I I 

Age  No.    Cases  lOfc  and  Below  -9^^  to  +  20fo  BOfc  and  Above 

12  33  -5,80                              -4.63                    -13.00 

13  36  -5.31                             -4.66                     +4.50 

14  67  -4.90                             -3.4                        -4.70 

15  103  -4.80  -4.00  -8,00 

16  148  -4.25  -4.00  -6.30 

Here,  once  more,  it  is  the  "overweight"  13  year  group 

which  is  the  only  one  failing  to  improve  q:.   the  second  test 

over  the  first.   And  it  is  the  "overweight"  group  v.'hich 

makes  greatest  gt  ins  in  the  12,  15  ana  16  groups,  as  was  the 

it  is 
case  with -the  Memory  Tests.   At  13  and  14^the  "underweight" 

groups  which  make  the  largest  gains. 

In  general  one  'vvould  conclude  the  noriial  or  below  normal 

weight  groups  are  not  lacking  in  concentration  and  attention, 

to  the  extent  of  showing  any  interference. 
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PUBLIC  SCHOOL  PUPILS  &  COLLEGE  STUDEIITS 
TABLE  OF  PERCENTAGES  (DREYER'S  TABLES) 


No.     o; 

f  Underv 

ifeight 

"Normal" 

Over 

weight 

Ages 
12 

Cases 
33 

Below  lOfo 

Cases 
60. 6            10 

-9^c  to  +20^ 
33.3 

Cases 
11 

20'fc  and 
6. 

Above 

Cases 
2 

13 

36 

52.77 

19 

41.66 

15 

5.55 

2 

14 

67 

52.23 

35 

41.79 

28 

5.97 

4 

15 

103 

46.6 

48 

52.42 

54 

0.97 

1 

16 

148 

40.54 

54 

52.7 

78 

6.75 

10 

Av. 
total 

387 

50.54 

182 

44.37 

186 

5.04 

19 

The  table  above  shows  that  as  age  increases  there  are 
fewer  "underweight""  and  that  there  is  a  tending  to  go  over 
into  the  "normal"  group.   The  percantage  in  the  "overweight" 
group  is  fairly  constant  except  in  year  fifteen,  where 
there  is  only  approximately  one  percnet.   The  great  number 
of  "underweight"  however  Is  worthy  of  note,  it  being  ten 
times  that  of  the  "overweight".   It  also  happens  that  the 
medical  investigators  have  mentioned  that  there  are  ten 
times  as  many  underweight  as  overweight,  but  their  percent- 
ages were  not  the  same  as  the  above;  they  say  20:^0  are  under- 
weight for  their  height,  while  only  2  y   are  overweight.   We 
get  the  same  proportion  but  the  percentage  be  ng  so  much 
larger  at  either  end  of  the  scale  reduces  m:.teriaily  the  size 
of  the  normal  group.   To  be  sure,  they  were  probably  discussing 
results  obtained  by  the  use  of  tables  such  as  Wood's  which  con- 
sider the  full  stature,  whereas  here  reference  is  to  the 
Dreyer  Tables, 
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SUMMARY 

All  correlations  between  heit^ht-welght  (standing  or 
sittdng)  ratios  when  referred  to  Wood's  or  Dreyer's  stan- 
dards and  group  intelligence  scores  or  I.Q,  derived  there- 
from are  so  low  they  are  without  signific.nce. 

When  the  percentage  devic.tions  derivea  from  Dreyer's 

Tables  are  correlated  with  the  special  Hopkins  Teste  the 

coefficients  are  likewise  too  low  to  show  any  relationship 

between  the  two  arrays. 

In 

The  fatigue  element  showed  only  the  case  of  the  "over- 
weight" group  at  thirteen,  but  as  there  were  only  two  cases 
it  has  little  imvortsnce. 

Interference  likev.ise  showed  only  with  the  sair.e  two 
cases.   But  at  that  is  is  not  the  "-underweight"  group  which 
suffered  either  from  fc.tigue  or  interference. 

The  adolescents  of  this  study  exceed  in  height  and 
weittit  age  for  age  the  norms  of  Clar«k  Sydenstricker  and 
Collins  derived  from  measures  on  public  school  children  in 
the  same  and  adjoining  states.   Both  groups  were  of  "pure 
American  Stock".   Those  of  this  study  were  all  born  in  the 
Unitec  States,  most  of  them  in  the  locality  in  which  the 
measurements  were  made;  and  only  two  pe^rents  of  foreii^h 
birth  were  reported,  one  Irish  and  one  German  father,  so 
even  there  stock  would  be  practicc.lly  the  same. 

One  is  forced  to  conclude  therefore  that  there  is  no 
relation  between  the  physical  develorrr.ent  measured  by  the 
height-v.'eight  ratio  of  certain  t-ccepted  standards  and  mental 
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development,  also  measured  by  certain  accepted  Btandarde, 
whether  they  be  group  or  special  psychological  te&ts. 

This  does  not  dispose, hov/ever, of  th*  possibility  of  a 
relilonship  between  physical  and  mental  development.  Th« 
height-weight  index  may  not  be  an  accurate  measure  of  physical 
development , or  the  tests  may  not  measure  mental  development. 
In  the  case  of  mental  measurement  , however, there  are  objective 
criteria  by  which  to  glQ^e  the  extent  to  which  they  achieve 
tklr  purpose, while  as  yet, there  are  no  such  definite  criteria 
for  tfe  physical  measurements.  One  is  tempted  .therefore  to 
question  the  validity  of  the  height-weight  index  as  an  adequate 
meaure  of  physical  fitness, or  at  least, of  the  kind  of  physical 
fitness  which  is  demanded  in  the  performance  of  mental  tests. 
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